. 
i 
io 
” 
as 
¥ 
"| 
F 
= 
‘ } 
BA! 
be 
A 
a + 
Le 
iF ‘ = 
H 
' - 
i" | 
Fa 
ria 
= 
ud 
1 
F 
4 
} 














fees 


=_ on, 


A 
=F 
pete 
= 
t 
MS 
; 
‘ 
is 





ars 
i a Fe 
~ my ~~ i 
_ a 
4) 
Caatwu 
a . iris | - 
i tis) er | 
bg hPa ee 
oe | # ‘ 
r - Tk 
- +e 
J ay J i 
A gy 
‘ yan, 
kg | el oa 
ees. ae 
Co. 9" | 
gal 


~ = 
' 2 = SS " 
ied 
are. 
. | = 
ot el i tm 
i A ee 
‘ Ao. 
* he i c gaa 
é = 
— 
. Ni Tee 
Ae ES OE 
iy aed 
me a 
ey an 
hg 
aA, 
. 





Document No. OM910200-XxXx-6 


DSTD-102 CPU 
AND SERIAL I/O 


OPERATION MANUAL 


PREPARED BY dy-4 SYSTEMS INC 
DATED JULY 11th, 1983 


DY-4 SYSTEMS INC., 888 LADY ELLEN PLACE, OTTAWA, ONTARIO, CANADA K1Z 5M1 (613) 728-3711 


NOTICE 


The proprietary information contained in this document must not 
be disclosed to others for any purpose, nor used for 
manufacturing purposes, without written permission of dy-4 
SYSTEMS INC. The acceptance of this document will be construed as 
an acceptance of the foregoing condition. 


CHANGE NOTICE 


Revision 6 of the DSTD-102 contains several significant 
enhancements over revision 4 and earlier boards. These 
enhancements have been added followng custommer requests to take 
advantage of recent technology developments. 


1 


The DSTD-102 now supports 8 kbyte RAMs (Intel 2186) and 
16 kbyte EPROMs. Note that the addition of this 
feature required the re-layout of the memory device 
jumper blocks JB9, JB10 and JBile. Refer to section 3.2 
for a complete description. 


The memory decode PAL now supports six different 
memory configurations, including 2K, 4K, 8K and 16K 
configuations in the one PAL 


Using a jumper block the DSTD-102 will now support both 
"synchronous" edge triggered push button rest 
(available on rev 4 boards) and level sensitve resets 
(new). The level sensitive push button reset capability 
is required when using brown-out detection logic such 
as that on the DSTD 703. 


This rev allows full access to the on-board I/0 devices 
from other cards in the system. This is particularly. 
useful when the DSTD-103 slave processor is being used. 
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GENERAL INFORMATION DSTD-102 
SECTION 1 
1.0 GENERAL INFORMATION 


1.1 Introduction 


The dy-4 SYSTEMS! DSTD-~102 CPU. Figure 1 - 1, is a Z80 based 
microcomputer board. It features a CPU chip» two serial 
communications channels, 4 counter/timers and three 28 pin memory 
sockets for byte-wide memory devices. 


1.2 DSTD Series General Description 


The DSTD series was designed to satisfy the need for low cost OEM 
microcomputer modules. The DSTD-Z80 BUS uses a motherboard 
interconnect system concept. The modules for the STD-Z80 BUS are 
a compact 4.5 x 6.5 inches which provides for system partitioning 
by function, e.g. CPU, Memory, I/0, ete. This smaller module 
size makes system packaging easier, while increasing MOS-LSI 
densities provide high functionality per module. 


1.3 DSTD-102 Features 
: Utilizes the powerful Z80 microprocessor 
Provides three 28 pin sockets which may be strapped to 


accept any combination of the following industry 
standard memory devices. 


EPROM STATIC RAM ROM 
2758 (1kx8) 4118 (1kx8) 
2759 (1kx8) 
2716 (2kx8) 4802 (2kx8) MK34000 (2kx8) 
2732 = 6(4kx8) 
2764 (8kx8) 2186 (8kx8) 


27128 (16kx8) 


Four cascadable counter/timer channels 

2 serial RS-232C channels = Channel A has two addition- 
al RS-232C drivers and receivers for external clocking 
allowing full synchronous operation. 

Transmit and Receive LEDs on Channel A 


; Fully buffered signals for system expandability 
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a 


Selectable reset address to either OOOOH or EQOOH 


All on-board memory can be disabled and enabled under 
software control 


Selectable WAIT state generator for memory devices on 
all M1 cycles, MEMRQ cycles or all INTAK cycles 


Compatible with MDX-SST for single step operation 
during debugging 


UMHz version available 


STD-Z80 bus compatible 
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FUNCTIONAL HARDWARE DESCRIPTION DSTD-102 
SECTION 2 
2.0 FUNCTIONAL HARDWARE DESCRIPTION 


Zeal Introduction 


The DSTD-102 utilizes a Z80 microprocessor as the system 
controller. It features three 28 pin memory sockets which 
enables the user to populate the module with any combination of 
designated ROM and EPROM. Custom address decoding allows the 
user to configure the memory on any 8K boundary of the 64K memory 
map. A PAL decoder is supplied to allow the user to choose one 
of six popular memory configurations, or if desired the user may 
implement other mixtures of memory devices simply by programming 
the PAL accordingly. 


A 4 channel counter/timer circuit is included for software con- 
trolled counting and timing functions. On-board strapping 
options make it possible to cascade the four CTC channels for 
long count sequences. The CTC may also be used as a baud rate 
generator for the serial channels if non-standard baud rates are 
required. 


The DSTD-102 has two serial channels implemented using the Z80- 
SIO LSI chip. The SIO allows for both asynchronous and synchro- 
nous (SDLC, HDLC, BISYNC, etc.) modes. Channel A can be used as 
both asynchronous and synchronous modes and channel B provides 
asynchronous operation. (Synchronous operation is available on 
the DSTD-102A version of the board =~ not the standard DSTD- 
102.) Channel A has additional RS-232C drivers and receivers for 
external clocks. In asynchronous mode both channels will operate 
up to 19.2k baud using the baud rate generator. The CTC may be 
used for higher rates. Channel A will run to 307 kilobaud in 
synchronous mode. 


A strapping option allows the user to select the reset address to 
be either OOOOH or EOQOOH. The EOOOH option is required for use 
of standard software and hardware products including dy-4 SYSTEMS 
Debug Monitor (DDM) and Disk Control Monitor (DCM) firmware 
products. Also these products require onboard RAM strapped to 
reside at location FCOOH to FFFFH. 


The DSTD-102 is available in 2.5 MHz and 4 Mhz versions. 


2.2 Block Diagram Description 


Figure 2- 1is ablock diagram illustrating the flow of system 
address, data and control signals on the DSTD-102. The following 
paragraphs describe the function of each of the major blocks. 
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2.2.1 CPU 


The Z80 is the system controller. It fetches, decodes and 
executes instructions from memory and generates the necessary 
address and control signals to co-ordinate data flow between the 
CPU and memory or between the CPU and system I/0 devices. 


2elec Clock Generator 


The DSTD-102 has a crystal controlled oscillator to generate the 
basic clock signals for the CPU and peripheral chips. A divide- 
by-two circuit ensures a 50% duty cycle and an active pullup 
circuit ensures proper clock levels. An inverted clock is 
supplied to the bus for use by other modules. 


2ieed CTC (Counter/Circuit) 


The Counter/Timer Circuit (MK3882/Z80-CTC) provides four 
independent, programmable channels for either software or hard- 
ware controlled counting and timing functions. Each channel can 
be configured by the CPU for various modes of operation and the 
built-in daisy chain priority interrupt logic provides for auto- 
matic, independent interrupt vectoring. The I/0 port addresses 
for the CTC are hard-wired as follows: 


I/O PORT ADDRESS CTC CHANNEL 
TC 0 
7D 1 
TE 2 
(ey 3 


A strapping option has also been included to permit any or all of 
the four CTC channels to be cascaded for long count sequences. 


Section 3 provides the necessary information for utilizing this 
option. For a complete description of the CTC operation, refer 
to either the Mostek MK3882 or Zilog Z80-CTC Technical Manual or 
Appendix A-15 of this manual. 


c.ce4 Memory 


The DSTD-102 has been designed to accommodate any combination of 
the byte-wide RAM, ROM and EPROM devices. Three 28-pin sockets 
have been provided, each of which may be strapped for any of the 
allowable memory types. These user-selectable options are fully 
described in Section 3. 
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2eceo Decode Logic 


This section consists primarily of a PAL which decodes the high 
order six bits of memory address and generates the applicable 
chip select if on-board memory is to be selected. The PAL pro- 
vides six separate memory configurations. The memory 
configurations are selected using an option jumper block as 
explained in Section 3. 


The DSTD-102 has a latch to disable all on-board memory under 
software control. On power-up and reset, the latch is preset 
enabling the on board memory. 


On-board memory is disabled by writing a '1' to I/O port O7BH. 
The on-board memory can be re-enabled by writing a 'O' to port 
O7BH. 


2s2e0 Reset Control Logic 


This is a strapping option that causes a hardware-forced memory 
starting address upon system reset. A reset address of either 
OOOOH or EOOOH may be selected. 


This logic is required for use of standard MOSTEK hardware and 
software products including DDT-80, FLP-80D0S/MDX, MDX-SST, and 
MDX-DEBUG and dy-4 Debug Monitor (DDM) and CP/M software. 


Also the push button reset function may be edge triggered or 
level sensitive depending on jumper block JB15. The edge 
triggered reset is synchronised with M1 to ensure that the 
contents of any dynamic RAM in the system are preserved during 
the reset process. The level sensitive option is required when it 
is necessary to hold the processor in a reset state indefinitely 
such as in a 'brown-out! situation. 


2ecel Wait State Generator 


This function, if enabled, causes memory read and write cycles 
to be lengthened by one clock period in order to allow sufficient 
access time when slower memory devices are used. Wait states can 
be enabled selectively, namely, - all memory cycles or opcode 
fetch cycles only or all memory cycles accessing on-board memory 
devices or all opcode fetch cycles and all memory cycles 
accessing onboard memory. An additional wait state may also be 
inserted during INTAK cycles. 


ol 
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2.2.8 Serial Ports 


The DSTD-102 has two RS-232C serial ports implemented using the 
Z80-SIO/MK3884. Each port has a software programmable baud rate 
generator. The baud rate is set by writing to port 7AH. The 
least significant 4 bits set the baud rate for Channel A and the 
most significant 4 bits are for Channel B. Both Channels will 
operate from 50 baud to 19.2K baud. In additon the CTC may be 
used to generate the receive and transmit data clocks of Channel 
A allowing for non-standard baud rates. The CTC can only be used 
for asynchronous modes because it does not generate a 50% duty 
cycle clock. Channel A also has additional RS-232C drivers and 
receivers to enable it to handle external clocks for full syn- 
chronous operation (SDLC, HDLC, BYSYNC, MONOSYNC etc.). 
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SECTION 3 
3.0 USER-SELECTABLE OPTIONS 


3.1 Introduction 


The DSTD=102 incorporates many strapping options to provide the 
user with a high degree of flexibility in system configurations. 
This section describes the use of the available jumper options. 


3.2 Debug/Single Step Configurations 


The DSTD-102 supports the MDX-SST module. This module generates 
a NMI (non-maskable interrupt) and asserts the DEBUG signal. 
This debug signal when enabled forces a logic '1' onto the most 
significant three bits of the address bus. Thus the interrupt 
service routine is located at EQ66H. If the debug is disabled 
the interrupt service routine is at the normal address (0066H). 
To enable the debug line, install a jumper between JB8-2 and JB8- 
3 and between JB13=-4A to JB13-4B. Ensure that the memory option 
strap position the monitor software at EQOOH. dy-4 SYSTEMS' DDM 
firmware supports the single step facilities. 


3.3 Memory Options 


The PAL memory decoder shipped with DSTD-102 from the factory 
supports the options discussed in the following sections. 


35351 Restart Address 


The DSTD-102 is capable of starting execution at either OOOOH or 
EOOOH after reset. Reset address EOQOOH is implemented in 
hardware. Since the program counter (internal to the Z80 
microprocessor) always resets to OOOOH, external hardware is 
required to force the most significant three bits of the data bus 
to all ones to get OEOOOH. A multiplexer and a latch to control 
the multiplexer are used to perform this function. The first 
instruction at EOOOH should be 'JMP E003' to set the processors 
internal program counter to the correct memory location. The 
hardware latch forcing the address bit must then be cleared. This 
is done automatically by the first I/O cycle that the processor 
performs. If no I/O port access is normally made then a dummy [/0 
read of an unused port address must be done otherwise memory 
accessed will be constrained to addresses EQOOH through FFFFH. To 
ensure proper operation after reset, the following code sequence 
should be placed in memory at the EOOOH. 
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E000 C3 03 EO JP EOO3H ; jump instruction 
; to update program 
counter 
E003 DB nn IN A,(nn) ; read unused I/0 


; port nn to clear 
;resetaddress latch 


E005 ‘first instruction 
; Of user program 


When using standard dy-4 SYSTEMS' or Mostek software (including 
DDM, DCM, DDT-~80, FLP=-80, DOS/MDX or MDX-DEBUG), the reset 
address must be EQOOH. The program counter and address latch 
modification instructions previously described are already 
contained with the DDM ROM. Ensure that pins 2 and 3 of JB8 are 
“connected when the MDX-SST module is used. 


fo ee ra Memory Configuration 


The DSTD-102 incorporates three 28 pin sockets which can be 
independently configured to accept a variety of pin compatible 
memory devices. Table 3 - 1 lists each socket, its corresponding 
jumper block, and its address space for the standard 
configurations. The memory decoding is done using a PAL device. 
Table 3 - 2 shows for reference the signals brought to the jumper 
block for each of the different memory types. Table 3- 3 
illustrates the necessary jumper connections for configuring a 
socket to accept each memory device. 


Consult the factory for PAL programming details for non-standard 
requirements. 


Option numbers are binary coded using JB14. JB14, 1A-1B has a 
weighting of '1'; JB14, 2A-2B has a weighting of '2' and JB14, 
3A-3B has a weighting of '4'. For example, if option 5 (101) is 
desired JB14, 1A=-1B, 3A-3B are left open and JB14, 2A=-2B are 
inserted. 
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TABLE 


3 - 1 


DSTD=-102 


MEMORY SOCKET/JUMPER BLOCK ASSIGNMENT 


MEM TYPE OPTION 


16K 


NOTE: 


For 2K; 


7(1117) 
6(110) 
5(101) 
4(100) 
2(010) 
0(000) 


MEM RANGE 


EQOO=-FFFF 
OOOO-1F FF 
EQOO-FFFF 
OOOO=-3FFF 
OOO00-7FFF 
OOOO=-BFFF 


U20(JB11) 


EQOO-E7FF 
OOOO0-O7FF 
EQOO-EFFF 
OOOO-OFFF 
OOOO-1FFF 
OOOO=}3FFF 


U19(JB10) 


E800-EFFF 
O800-OFFF 
FOOO-{FBFF 
1OO00-1FFF 
2000-3FFF 
4OOO0-7FFF 


U18(JB9) 


FOOO-FFFF 
TOOO-1F FF < 
FCOO-FFFF 
2O00-3FFF - 
4OOO0-7FFF 
8000-BFFF 


4K and 8K devices the memory range for U18 is 


twice as large as for U19 and U2Q. Hence when using the same 
memory expansion off 


memory device sizes for all three sockets, 
board will not be contiguous. 


Option 5 is the memory configuration used for the boot proms and 


monitor 
systems. 
TABLE 3 = 2 
MEMORY DEVICE JUMPER STRAPS 
TYPE PART NO. PINS 
27 8626 23 
1Kx8 EPROM 2758 = Vee Vpp 
1Kx8 EPROM 2759 = Vee Vpp 
2Kx8 EPROM 27 1:6 - Vee Vpp 
4Kx8 EPROM 2732 = Vec Al) 
8Kx8 EPROM 2764 PGM n/c A11 
16Kx8 EPROM 27128 PGM A13 Alt 
1Kx8 RAM 4801 - Vee /WE 
2Kx8 RAM 4802 - Vee /WE 
8Kx8 RAM 2186 /WEY n/ew Alls 
2Kx8 EEROM X2816A = Vec /WE 


21 
GND 
Vee 
A10 
A10 
A10 
A10 
GND 
A10 


Al0v 


A10 


in dy-4's STD Bus based microcomputer development 


Vpp 
Vpp 


RDY » 
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TABLE 3 - 3 
MEMORY DEVICE JUMPER STRAPS 


TYPE PART NO. JUMPER BLOCKS JUMPER BLOCK 
JB9 and JBle2 JB10 
1Kx8 EPROM 2758 B2-A6 ; A5-A6 A2-B4 ; B3-B4 
B3-B4 C1-C2 
1Kx8 EPROM 2759 B2-A6 ; A5-A6 A2-B4 ; B3-B4 
B3-Be C1-B3 
2Kx8 EPROM 2716 B2-A6 ; A5-A6 A2-B4 ; B3-B4 
B3-A3 B1-C1 
4Kx8 EPROM 2732 B2-A6 ; A4-A5 A2-B4 ; B3-B2 
B3-A3 B1-C1 
8Kx8 EPROM 2764 B1-B5 ; A4-A5 A3-C3 ; B2-B3 
B3-A3 ; A1-A6 B1i-C1 ; A4~B4 
16Kx8 EPROM 27128 B1-B5 ; A4-A5 A3-C3 ; B2-B3 
B3-A3 ; A1-A6 B1-C1 ; A4-B4 
B2=-B6 CH-A2 
1Kx8 RAM - 4801 B2-A6 ; A5-B5 A2-B4 ; B3-C3 
B3-A6 C1-C2 
2Kx8 RAM 4802 B2-A6 ; A5—-B5 A2-B4 ; B3-C3 
B3-A3 B1=-C1 
8Kx8 RAM 2186 B1=-B5 ; A4-A5 A3-C3 ; B2-B3 
B3-A3 ; A1-A2 B1-C1 ; A1l-Ad 
2Kx8 EEROM X2816A B2-A6 ; A5-B5 A2-BY +; B3-C3 
B3-A3 B1i-C1 


3-4 
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S565 On-board Memory Disable Latch 


All on-board memory can be enabled and disabled under software 
control. To use this feature jumper JB14 4A-4B is installed. 
This jumper allows the memory disable latch to be used. The 
latch is located at address 7BH. Writing a '0' to this latch 
enables on-board memory. Writing a '1' to the latch disables on- 
board memory. A power-up or RESET clears the latch thus enabling 
on-board memory. 


3.4 WAIT State Generator 


Three jumpers are provided to allow the use of slow memory de- 
vices. The first jumper generates a WAIT state on all memory 
cycles. The second jumper generates a WAIT state for M1 memory 
cycles only. Table 3 - 4 lists the access times of memory de- 
vices internal and external to the card for the two different 
memory cycle types for both the 2.5 MHz and 4.0 MHz DSTD 102 
cards. The third jumper generates a WAIT state on internal 
memory accesses only. This means that slower EPROMS can be used 
on the DSTD-102 along with a high speed RAM card. A fourth 
jumper allows the generation of a WAIT state on interrupt 
acknowledge cycles. Table 3 - 5 gives the connections for the 
WAIT state options. 


TABLE 3 = 4A 
M1=-MEMORY CYCLE WAIT STATES TIMING 2.5MHz 


JB11 INTERNAL EXTERNAL 
FUNCTION Connections M1 Other M1 Other .- 
No WAIT states --- 580 780 550 750 
WAIT states on M1 1A to 1B 620 780 950 750 
cycles 
WAIT states on all 3A to 3B 620 1180 950 1150 


memory cycles 
(in nanoseconds) 
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TABLE 3 = 4B 
M1=MEMORY CYCLE WAIT STATES TIMING 4,.0MHZ 


. JB11 INTERNAL EXTERNAL 
FUNCTION Connections M1 Other M1 Other 
No WAIT states “<= 330 455 300 425 
WAIT states on M1 1A to 1B 590 455 560 4Yo5 
cycle 
WAIT states on all 3A to 3B 590 705 560 675 


memory cycles 
(in nanoseconds) 


TABLE 3 - 5 WAIT STATE OPTIONS 


OPTION JB11 
No WAIT states No Jumpers 
All M1 cycles 1A to 1B 
All Memory cycles 3A to 3B 
Internal Memory cycles only 4A to 4B 
Internal Memory cycles and 4A to 4B 
external M1 cycles 1A to 1B 
Interrupt acknowledge cycle 2A to 2B 
3<) Counter/Timer Options 


The four Counter/Timer channels may be cascaded for extended 
counting and timer functions. Appendix A-6 shows the jumper pin 
numbers for the CTC. Refer to the MK3882 Technical Manual or the 
Zilog Data Book for a complete description of the CTC operation. 


Provision is made on the Counter/Timer option block to enable the 
NMI input of the processor to be connected to one of the outputs 
of the CTC. NMI is pin 5A of JBOD. 
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In addition the CTC can be used as a baud rate generator for the 
serial channels to create non-standard baud rates. 

Two commonly unused pins on the STD bus (MEMEX and IOEXP) may be 


connected through JB13 and buffers to the CTC. One pin is used 
as an input (IOEXP) and the other is used as an output (MEMEX). 


3.6 Serial Channel Options 


3.6.1 Baud Rate Generator 


The DSTD-102 has a dual software-programmable baud rate 
generator. It is accessed through I/O port 7AH. This port is a 
write-only port. Bits 0 to 3 control channel A and bits 4 to 7 
control channel B. Table 3 - 7 shows the programming information 
for the baud rate generator. 


Table 3 - 6 


Baud Rate Generator Programming 


BAUD RATE D3/D7 D2/D6 D1/D5 DO/D4 (HEX ) 
19,200 1 1 1 1 F 
9,600 1 1 1 0 E 
7»200 1 1 0 1 D 
4,800 1 1 0 0 C 
3,600 1 0 1 1 B 
2»400 1 0 1 0 A 
2,000 1 9) 0 1 9 
1,800 1 0 ¢) 0 8 
1,200 0 1 1 1 i, 
600 0 1 1 0 6 
300 0 1 0 1 2 
150 0 1 0 0 4 
134.5 0 0 1 1 3 
110 0 0 1 ) 2 
75 0 0 0 1 1 
50 0 0 0 0 0 


Thus to set port A to 9600 baud and port B to 1200 baud output a 
7EH to I/O address 7AH. 
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3.6.2 DTE/DCE Configurations 


S20e2< 1 DCE Configuration 


When connecting to a CRT, printer or similar equipment the serial 
port is wired as Data Comunications Equipment. The signal names 


indicate control and data flow with respect to the CRI. Table 
3 - 7 itemizes the jumper configurations for this mode of 


operation. 


TABLE 3 ~- 7 
RS-232C DCE Jumper Configuration 


EIA(DCE) SIO Installed Jumpers J2/J3 

Signal Name Function JB3,JB4 Pin Numbers 

TX (2) RX 2B to 1B 2 

RX (3) TX 1A to 2A 3 

RTS (4) CTS 4A to 5A 4 

CTS (5) RTS 5B to 4B 5 

DTR (20) DCD 7A to 6B 9 

DCD (8) DTR 64 to 7B 8 

DSR (6) +12V 8A to 8B 6 (JB3 only) 

3.6.2.2 DTE Configuration 


When connecting to a MODEM or similar equipment the serial port 
is wired as Data Terminal Equipment. The signal names indicate 
control and data flow with respect to the DSTD-102. Table 3 - 8 


itemizes the jumper configuration for the mode of operation. 


TABLE 3 — 8 
RS-232C DTE Jumper Configuration 


EIA(DTE) SIO Installed Jumpers J2/J3 

Signal Name Function JB3,JB4 Pin Numbers 
TX (2) TX 1A to 1B 2 

RX (3) RX 2B to 2A 3 

RTS (4) Ris 3A to 3B 4 

CTS (5) CIS 4A to 4B 5 

DTR (20) DTR 6A to 6B 9 

DCD (8) DCD TA to 7B 8 

DSR (6) = we erere 6 
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33643 Synchronous Operation 


The DSTD=-102A allows synchronous operation on Channel A. That 
is, additional RS-232C drivers and receivers are provided for 
interfacing external clocks. Two configurations are possible. 


i) The DCE provides both transmit and receive timing 
information. When the DSTD-102A is the DCE, two 
RS=-232C drivers are required. When the DSTD-102A is the 
DTE two RS-232C receivers are required. 


ii) The DCE provides the transmit timing information and 
the DTE provides the receive timing information. The 
DSTD-102A provides the receive timing information. The 
DSTD-102 uses both the RS-232C driver and the RS-232C 
receiver. 


Table 3 - 9 shows the jumpering required for each configuration. 
Note that the same drivers used for the external clocks are also 
used to drive the on-board TX and RX LED's. When these drivers 
are to be used for external clocking the LED's should be 
disconnected. 


TABLE 3 - 9 
DCE provides both clocks. DSTD-102A is the DCE 


JB2 JB3 52 EIA 
TX Clock 2A - 2B 9A - 9B 10 15 
VA 28 
RX Clock 3A - 4A As 1B 11 17 
4A = 4B : 


DCE provides both clocks. DSTD-102A is the DTE 


JBe JB3 Je EIA 
TX Clock 1A = 1B 8A - 8B 10 15 
RX Clock 3A = 3B 10A - 10B ie ler 4 


DTE provides the transmit clock. DCE provides the 
receive clock. DSTD-102A is DCE. 


JB2 JB3 J2 EIA 
TX Clock 1A - 2A 9A =- 9B 10 24 
2A = 2B 
RX Clock 3A - 3B 10A =- 10B 11 17 
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DTE provides the transmit clock, DCE provides the 
receive clock. DSTD-102A is DTE. 


JB2 JB3 J2 EIA 
RX Clock 1A - 1B 8A - 8B 10 24 
TX Clock 2A - 3A 11A - 11B 11 ie 
4A = 4B 


Note that the clock names given above refer to data flow with 
respect to the DTE. EIA refers to the DB25 pin numbers assigned 
to these signals by the EIA RS-232C specifications. 


Table 3-10 shows the cable connections to a standard RS-232C 
* DB25S connector. Typically the cable is the same for both DCE and 
DTE systems with the configuration being determined by the on- 
based jumpers. 
TABLE 3-10 


SERIAL CABLE CONNECTIONS 


J2/J3 RS232C/DB25S EIA CIRCUIT 
1 1 AA 
2 2 BA 
3 3 BB 
4 4 CA 
5 2 CB 
6 6 CC 
1 7 AB 
8 8 CF 
9 20 CD 
10 15 DB 
11 17 DD 
12 19 a= 
NOTE: Pin 12 (DB25S pin 19) is included to accomodate some 


printers that use pin 19 for flow control. 


3 = 10 
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SECTION 4 
4.0 SPECIFICATIONS 
4.1 Functional Specifications 
4.1.1 Word Size 
Instructions: 8, 16, 24, or 32 bits 
Data: 8 bits 
4.1.2 Cycle Time 


Clock period (T state): 400 ns for DSTD=-$102-2.5 
250 ns for DSTD-102-4.0 


Instruction Cycle: Min. 4 T states 
Max. 23 T states 
4.1.3 Memory Capacity 


Three 28 pin sockets are provided which may be populated with any 
mixture of the following devices: 


2758 (1K x 8 EPROM) 
2759 (1K x 8 EPROM) 
2716 (2K x 8 EPROM) 
2732 (4K x 8 EPROM) 
2764 (8K x 8 EPROM) : 
27128(16Kx 8 EPROM) 


MK 34000 (2K x 8 EPROM) 

4118 (1K x 8 Static RAM) 

4801 (1K x 8 Static RAM) 

u802 (2K x 8 Static RAM) 

2186 (8K X 8 Pseudo Static RAM) 
X2816 (2K x 8 EEROM 


4.1.4 Memory Access Time 


The time required to access on-board memory by external DMA 
controllers is 100 ns plus the access time of the memory device. 
This is defined as the time interval between the time that the 
memory address is valid on the STD-BUS and the time that the 
output data is valid on the STD-BUS. 
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4.1.5 I/O Addressing 


The on-board I/O addressing is hard wired to the following port 
addresses: 


PORT ADDRESS 
BAUD RATE GENERATOR TA 
ON-BOARD DISABLE LATCH 7B 
CTC CH 0 TC 
CTC CH 1 7D 
CTC CH 2 tz 
CTC CH 3 TF 
SIO CH A DATA BC 
SIO CH A CONTROL BD 
sIO CH B DATA BE 
SIO CH B CONTROL BF 
4.1.6 I/O Capacity 


The Z80 CPU utilizes the lower 8 bits of its address bus for I/0 
addressing to yield a total of 256 possible port addresses. 


Bele Interrupts 


The CPU may be programmed to process interrupts in any of three 
different modes (mode 0, 1, or 2 as described in any 280 
Technical Manual). Mode 2 operation (vectored interrupts) is by 
far the most powerful and is compatible with dy-4 DSTD and MOSTEK 
MDX Series cards. 


Multi-level interrupt processing is also possible with the Z80 
CPU. The level of stacking is limited only by available memory 
space. 


The DSTD-102 will also accept non=-maskable interrupts which force 
a restart at location O066H. 


4.1.8 System Clock 
DSTD-102=2.5 2.5MHz +0.05% 
DSTD-102=-4.0 4.OMHz2 +0.05% 
4.2 Electrical Specification 
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4.2.3 


4.2.4 


4.3 


Lede) 


4.3.2 


STD Bus Interface 
Bus Inputs: One 


Bus Outputs: Io 


Lon 
Serial Ports 
Inputs: One 
Outputs: +/- 


DSTD-102 


7T4HLS load max. 


0.5 Volts 


24 mA min. @ VoL 
2.4 Volts 


15 mA min. @ Vou 


7T4LS load max. 
12V Current Limited to 10mA 


Operating Temperature 


QO Degrees C to 50 Degrees C 
95% humidity non-condensing 


Power Supply Requirements 


+45V +/- 5% @ 1.2A 
+#12V +/- 5% @ O.1A 
-12eV +/- 5% @ O.1A 


(excluding memory power requirements) 


Mechanical Specifications 


Card Dimensions 


4.50 in. (11.43 cm. 


long 


) wide by 6.50 in. (16.51 cm) 


O.48 in. (1.22 cm.) maximum height 


0.062 in. (0.16 ecm.) printed circuit board 


thickness 


STD Bus Edge Connector 


56 pin Dual Readout; 0.125 in. centers 


Mating Connector 


Viking 3VH28/1CE5 
Viking 3VH28/1CND5 
Viking 3VH28/1CN5 


(printed circuit) 
(wire wrap) 
(solder lug) 


“ 
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4.3.3 Serial Port Connector 
12 Pin Dual Readout; 0.100 inch grid 
Mating Connector 
Amp 87631-8 (housing) 


Amp 86016-2 (contact) 
or equivalent 
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SECTION 5 
5.0 FACTORY NOTICES 
5.1 Factory Repair Service 


In the event that difficulty is encountered with this unit, it 
may be returned directly to dy-4 for repair. This service will 
be provided free of charge if the unit is returned within the 
warranty period. However, units which have been modified or 
abused in any way will not be accepted for service, or will be 
repaired at the owner's expense. 


When returning a circuit board, place it inside the conductive 
plastic bag in which it was delivered to protect the MOS devices 
from electrostatic discharge. THE CIRCUIT BOARD MUST NEVER BE 
PLACED IN CONTACT WITH STYROFOAM MATERIAL. Enclose a letter 
containing the following information with the returned circuit 
board: 


Name, address and phone number of purchaser 
Date and place of purchase 
Brief description of the difficulty 


Mail a copy of this letter SEPARATELY to: 


Service Department service Department 

dy-4 SYSTEMS INC., dy=-4 SYSTEMS INC., 

888 Lady Ellen Place, or 3582 Dubarry Rd. 
Ottawa, Ontario Indianapolis, IN 46226 


K1Z 5M1, Canada 


Securely package and mail the circuit board, prepaid and insured, 
to the same address. 


5.2 Limited Warranty 


dy-4 warrants this product against defective materials and 
workmanship for a period of 90 days. This warranty does not 
apply to any product that has been subjected to misuse, accident, 
improper installation, improper application, or improper operat- 
ion, nor does it apply to any product that has been repaired or 
altered by other than an authorized factory representative. 


There are no warranties which extend beyond those herein 
specifically given. 


NOTICE 


The antistatic bag is provided for shipment of the dy-4 PC boards 
to prevent damage to the components due to electrostatic 
discharge. Failure to use this bag in shipment will VOID the 
warranty. 
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APPENDIX A 
OPTION PROGRAMMING SUMMARY 


- 1 OPTIONAL JUMPER BLOCKS 


The following is a list of the option Jumper Blocks on the STD- 
102 card. 


JBI LED connection 
JB2 serial Channel A Clock TTL Side 
JB3 Serial Channel A DTE/DCE Configuration Block 
JBY4 Serial Channel B DTE/DCE Configuration Block 
JB5 Counter Timer Jumper Block 
JB6 LED Transmit 
JB7 LED Receive 
JB8 Restart Address Jumper Block 
JB9 Memory Socket Configuration Block for U18 
JB10 Memory Socket Configuration Block for U19 
JB11 WAIT State Generator options 
JB12 Memory Socket Configuration Block of U20 
JB13 CTC/Bus Interface Jumper Block : 
JB14 On-board Memory Options 
JB15 Reset Mode 

A-2 LED Connections (JB1) 


These jumpers are installed to drive the LED's. Note the jumpers 
Should not be installed if Serial Channel A is used in 
synchronous mode and is supplying the clocks to external equipment. 


A B 
Driver 1 1 Qn-——-=—O LED 1 
Driver e2 2 Quem =O LED 2 


mm we Indicates Factory Default 
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A - 3 Serial Channel A Clock Jumpers TTL Side (JB2) 


This jumper block allows the selection of the Transmit and 
receive clocks for Channel A. 


Transmit Clock (input) 1 oO Oo RS232 Clock Receiver 1 


Internal Baud Rate Generator Oo Oo RS232 Clock Transmitter 1 


Receiver Clock (input) Oo Oo RS232 Clock Receiver 2 


o o CTC output 


2 

S 
Internal Baud Rate Generator 4 0 o RS232 Clock Transmitter 2 

Receiver Clock (input) 5 

6 


Transmit Clock (input) oe) CTC output 
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A- 4 Channel A DTE/DCE Configuration Block (JB3) 


These jumpers allow the board to be configured as Data Terminal 
Equipment or Data Communications Equipment when used with a 
standard dy-4 SYSTEMS Cable. The signals given are those of the 
SIO device which is labelled as Data Terminal Equipment. 


A B 
Transmit Data 1 om) Connector J2 Pin e2 
Connector J2 Pin 3 2 : 5 Received Data 
Request to Sent (RTS) 3 Oo Oo Connector J2 Pin 4 
Clear to Send (CTS) u ; O Connector Je Pin 5 
Connector J2 Pin 4 a) oa) Request to Send (RTS) 
Data Terminal Ready (DTR) 6 oa) Connector J2 Pin 9 
Data Carrier Detect (DCD) 7 #0 O Connector J2 Pin 8 
RS-232C Receiver 1 8 oO oO Connector J2 Pin 10 
RS-232C Transmit 1 9 oa ®) Connector J2 Pin 10 
RS-232C Receiver 2 10 oa ®) Connector J2 Pin 11 
RS-232C Transmit e2 11 oE®, Connector J2 Pin 11 


Connector J2 Pin 6 


=< 
N 
©) 
8 
I 
@) 


+12 through 3k ohms 
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i= 5 Channel B DTE/DCE Configuration Block (JB4) 


This jumper block allows the channel to be configured as Data 
Terminal Equipment or Data Communications Equipment. 


A B 

Transmit Data 1 Oo Oo Connector J2 Pin 2 
Connector J2 Pin 3 2 : : Received Data 

Request to Sent (RTS) 3 O ° Connector J2 Pin 4 
Clear to Send (CTS) 4 : Connector J2 Pin 5 
Connector Je Pin 4 5 I 0) Request to Send (RTS) 
Data Terminal Ready (DTR) 6 o-oo Connector Je2 Pin 9 
Data Carrier Detect (DCD) T o—o Connector J2 Pin 8 
+12 through 3k ohms 8 O-=-0 Connector J2 Pin 6 

A - 6 Counter Timer Jumper Block (JB5) 


This jumper block allows the counter/timer channels to be cas- 
caded for longer sequences, It also provides access to the 
auxiliary input and output buffers which are connected through 
JB12 to MEMEX and IOEXP bus signals. The SIO clock is used when 
the CRT is used as a baud rate generator. 


A B 
Auxiliary Input 1 0 Oo sfl0 Clock 
CTC Channel O input 2 0 0 CTC Channel O zero detect 
CTC Channel 1 Zero detect 3 0 Oo CTC Channel 1 input 
CTC Channel 2 input 4 0 Oo CTC Channel 2 zero detect 
Internal Non-Maskable Interrupt 5 0 o Auxiliary Output 
CTC Channel 3 input 6 0 oO N/C 
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A- 7 JB6/7 LED Blocks 


These jumpers are installed to drive the LEDs. They should be 
removed when Channel A is operated in Synchronous mode. 


A B 
TX Driver O-=0 LED Driver U7 (JB6) 
RX Driver O-=-0 LED Driver U6 (JB7) 
A- 8 Restart Address Jumper Block JB8 


Installing the jumper between pins 2 and 3 forces the restart 
address to EQOQOH. Installing the jumper between pins 1 and 2 
forces a restart address to QOOOH. 


JB8 
1 O Force QOOQOH 
2 fe) Restart address control 
5) : Force EQOOH 
A-9 Memory Socket Configuration Blocks JB9, JBi2 
JB JB12 
1 2 3 4 5 6 2 2 & & © 
ry Jv } ! 
B 0° 000 0 0} B 0° 0 0 0 0 03 
Ls ae , 3 
A o® oO O OF} A 0 0 0 0 O--0-i 
for socket U18 for socket U20 
(1K RAM) (2K EPROM) 
Al Socket Pin 1 (pstatic RAM ready/Vpp) 
B1 Socket Pin 27 (Pseudo static RAM /WE) 
Ae Processor wait logic 
B2 Socket Pin 26 (Vcec/A13) 
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A3 Processor Address Bit A1l0 
B3 Socket Pin 21 (A10/L) 
A4 Processor Address Pin All 
BY Ground 
A5 Socket Pin 23 (A11/WE/Vpp) 
B5 Processor Write Strobe 
A6 +5V 
B6 Processor Address Bit 13 
A - 10 Memory Socket Configuration Block JB10 
1 2 3 4 
C 0 o 0 O 
B ° O O--O-! (for socket U19) 
A oO 0 0 0 ! 
Al Processor wait logic 
A2 Socket Pin 26 (Vec/A13) 
A3 Socket Pin 27 (Pseudo static RAM /WE) 
AY socket Pin 1 (pstatic RAM ready/Vpp) 
B1 Processor Address Bit A10 
Ba Processor Address Pin A111 
B3 Socket Pin 23 (A11/WE/Vpp) 
BY +5V 
C1 Socket Pin 21 (A10/L) 
C2 Ground 
C3 Processor Write Strobe 
C4 Processor Address Bit 13 
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A- 11 Wait State Generator Configuration Block JB11 
1 2 3 4 
B 0 0 0 °O 
A o 0 0 0O 
A1,B1 Wait on M1 cycles 
A2,B2 Wait on Interrupt Acknowledge cycles 
A3,B3 Wait on MREQ cycles 
A4,B4 Wait on On-board Memory Cycles 
A - 12 CTC/BUS Interface (JB13) 


These jumpers are installed to allow counter/timer I/0 to be 
accessed using two lines of the backplane that are not normally 
used by the Z80 STD bus cards. These signals use the BUS lines 
normally referred to as MEMEX and IOEXP. This jumper block also 
contains the Debug function enable jumper. 


A B 
MEMEX (J1-36) oe) CTC Output 
Ground oO Oo Ground 
CTC Input oe) IOEXP (J1+35) 
DEBUG (J1=-38) O-=0 debug f/f 
A- 13 On Board Memory Options (JB14) 


Memory option weight '1', '2', and '4' selects the memory 
configuration for the DSTD-102. This jumper block is used in a 
binary coded fashion. See section 3.3.2 for details. 


To use the on-board memory disable feature jumper 4A ~ 4B has to 
be installed. Port 7B can then be used to control the memory. 
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A B 
Memory Option 1 Weight ‘1! 1 o—o Ground 
Memory Option 2 Weight '‘'e' 2 oe ®, Ground 
Memory Option 3 Weight '4! 3 oO Oo Ground 
DSMEN Latch Input 4  o¢=0 DSMEN Option Output 


A - 14 Reset Mode (JB15) 


Jumper JB15 is used to select the push button reset mode. The 
push button logic is edge sensitive if the jumper is omitted and 
is level sensitive if it is installed. 


JB15 


Push Button Input fo) O Reset Logic 


A- 15 Programming The CTC 
1) Channel Selection 


DSTD products using the Z80 CTC decode the CTC to occupy 4 
contiguous port addresses. Writing to the appropriate port 
address will automatically select the correct register in 
the CTC. 


2) Interrupt Vectors 


If any one of the CTC channels is going to be used with its 
interrupt enabled, an Interrupt Vector must be written to 
the CTC. The user need only supply the 5 high bits of one 
vector as the CTC assumes the vector points to 4 contiguous 
byte pairs corresponding to the 4 channels. Note that DO 
must equal 0 to indicte that the word being written to the 
CTC is an interrupt vector; this also requires vectored 
addresses to start at an even memory location. 


D7 D6 D5 D4 D3 D2 D1 DO 
V7 V6 V5 v4 V3 X X 0 
<USER SUPPLIED VECTOR> <SUPPLIED BY CTC> 
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3) Channel Control Register 
The control register bit functions are as illustrated below. 
D7 D6 D5 D4 D3 D2 D1 DO 


INT LOAD 
ENA MODE RANGE SLOPE TRIG TC RESET 1 


DO = 0 indicates the byte is an INTERRUPT VECTOR. 

DO = 1 indicates the byte is a CONTROL WORD. 

D1 = 0 the channel continues current operation. 

D1 = 1 the channel is immediately RESET to control word values. 
D2 = 0 indicates NO TIME CONSTANT to follow. 

D2 = 1 the next I/O byte will be a TIME CONSTANT. (1 to 256) 
D3 = O timer will FREE~RUN starting on next processor cycle. 
D3 = 1 indicates timer will start on EXTERNAL TRIGGER. 

D4 = 0 indicates external trigger on NEGATIVE-GOING edge. 

D4 = 1 indicates external trigger on POSITIVE-GOING edge. 

D5 = 0 indicates prescaler factor of 16. (timer mode only) 
D5 = 1 indicates prescaler factor of 256. (timer mode only) 
D6 = 0 indicates TIMER mode. (prescaler is enabled) 

D6 = 1 inidcates COUNTER mode. (prescaler disabled) 

D7 = O INTERRUPT DISABLED for that channel. 

D7 = 1 INTERRUPT on zero count ENABLED for the channel. 
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STD-Z80 BUS PIN OUT AND DESCRIPTION 





BUS MNEMONIC DESCRIPTION 

1 5V 5Vde system power 

2 5V 5Vde system power 

3 GND Ground = System signal ground and 

DC return 
4 GND Ground = System signal ground and 
DC return 

> -5V -5Vde system power 

6 -5V -5Vde system power 

t D3 

8 D7 

2) D2 Data Bus (Tri-state, input/output 
10 D6 active high). DO=-D7 constitute an 
11 D1 8-bit bidirectional data bus. The 
12 D5 data bus is used for data exchange 
13 DO with memory and I/0 devices 

14 D4 

15 A7 

16 A15 

17 A6 Address Bus (Tri-state, output, 
18 A14 active high). 
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19 
20 
21 
22 
23 


32 


33 


34 


35 


A5 
A13 
A4 
Al2 
A3 
Ait 
A2 
A10 


/RD 


/IORQ 


/MEMRQ 


/IOEXP 


AO-A15 make up a 16-bit address bus 
The address bus provides the 
address for memory (up to 65k 
bytes) data exchanges and for I/0 
device data exchanges. I/0 
addressing uses the lower 8 address 
bits to allow the user to directly 
select up to 256 input or 256 
output ports. AO is the least 
Signficant address bit. During 
refresh time, the lower 7 bits 
contain a valid refresh address for 
dynamic memories in the system. 


Memory Write (Tri-state, output, 
active low). /WR indicates that 
the CPU data bus holds valid data 
to be stored in the addressed 
memory or I/O device. 


Memory Read (Tri-e-state, output, 
active low). /RD indicates that the 
CPU wants to read data from memory 
or an I/0 device. The addressed 
I/O device or memory should use 
this signal to gate data onto the 
CPU data bus. 


Input/Output Request (Tri-state, 
output, active low). The /IORQ 
Signal indicates that the lower 
half of the address bus holds a 
valid I/O address for an I/O read 
or write operation. An /IORQ sig- 
nal is also generated with an /M1 
Signal when an interrupt is being 
acknowledged to indicate than an 
interrupt response vector can be 
placed on the data bus. Interrupt 
Acknowledge operations occur during 
/M1 time, while I/O operations 
never occur during /M1 time. 


Memory Request (Tri-State output, 
active low). The /MEMRQ signal 
indicates that the address bus 
holds a valid address for a memory 
read or write operation. 


I/O expansion, not used on dy-4 
Systems DSTD. 
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36 /MEMEX Memory expansion, not used on 
dy-4 Systems DSTD cards. 


37 /REFRESH /REFRESH (Triestate, output, active 
low). /REFRESH indicates that the 
lower 7 bits of the address bus 
contain a refresh address for dyna- 
mic memories and the /MEMRQ signal 
should be used to perform a refresh 
cycle for all dynamic RAMs in the 
system. During the refresh cycle 
A7 is a logic zero and the upper 8 
bits of the address bus contains 
the I register. 


38 /DEBUG /DEBUG (Input) used in conjunction 
with DDT=-80 operating system and 
the MDX Single Step card for imple- 
menting a hardware single step. 
When pulled low, the /DEBUG line 
will set a latch that will force 
the upper three address lines to a 
logic 1. To reset this latch, an 
I/O operation must be performed. 


39 /M1 Machine Cycle One (Tri-state, out- 
put, active low). /M1 indicates 
Chat the current machine cycle is 
in the opcode fetch cycle of an 
instruction. Note that during the 
execution of a e=byte opcodes, /M1 
will be generated as each opcodeis 
fetched. These two-byte op-codes 
always begin with a CBH, DDH, EDH 
or FDH. /M1 also occurs with /IORQ 
to indicate an interrupt 
acknowledge cycle. 


40 STATUS O DMA priority chain input. 


4 /BUSAK Bus Acknowledge (Output, active 
low). Bus Acknowledge is used to 
indicate to the requesting device 
that the CPU address bus, data bus, 
and control bus signals have been 
set to their high impedance state 
and the external device can now 
control the bus, 
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42 


43 


yy 


45 


/BUSRQ 


/INTAK 


/INTROQ 


/WAITRQ 


Bus Request (Input, active low). 
The /BUSRQ signal is used to re- 
quest the CPU address bus, data 
bus, and control signal bus to go 
to a high impedance state so that 
other devices can control those 
buses. When /BUSRQ is activated, 
the CPU will set these buses to a 
high impedance state as soon as the 
Current CPU machine cycle is termi- 
nated, and the Bus Acknowledge 
(/BUSAK) signal is activated. 


Interrupt Acknowledge (Tri-state 
output, active low). The /INTAK 
Signal indicates that an interrupt 
acknowledge cycle is in progress, 
and the interrupting device should 
place its response vector on the 
data bus. 


Interrupt Request (Input, active 
low). The Interrupt Request Signal 
is generated by I/0 devices. A 
request will be honored at the end 
of the current instruction if the 
internal software controlled inter- 
rupt enable flip-flop (IFF) is 
enabled and if the /BUSRQ signal is 
not active. When the CPU accepts 
the interrupt, an acknowledge sig- 
nal (/IORQ during an /M1) is sent 
out at the beginning of the next 
instruction cycle. 


WAIT REQUEST (Input, active low). 
Wait request indicates to the CPU 
that the addressed memory or I/0 
devices are not ready for a data 
transfer. The CPU continues to 
enter wait states for as long as 
this signal is active. The signal 
allows memory or I/O devices of any 
speed to be synchronized to the 
CPU, 
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46 


47 


48 


49 


50 


51 


/NMIRQ 


/SYSRESET 


/PBRESET 


/CLOCK 


CNTRL 


PCO 


Non=-Maskable Interrupt request (In- 
put, negative edge triggered). The 
Non=Maskable Interrupt request has 
a high priority than /INTRO and is 
always recognized at the end of the 
current instruction, independent of 
the status of the interrupt enable 
flip-flop. /NMIRQ automatically 
forces the CPU to restart to loca- 
tion 0066H. The program counter is 
automatically saved in the external 
stack so that the user can return 
to the program that was 
interrupted. Note that continuous 
WAIT cycle can prevent the current 
instruction from ending, and that a 
/BUSRQ will over-ride a /NMIRQ. 


System Reset (Output, active low). 
The System Reset line indicates 
that a reset has been generated 
from either an external reset or 
the power-on reset circuit. The 
system reset will occur only once 
per reset request and will be ap- 
proximately 2 microseconds in dura- 
tion. The system reset will also 
force the CPU program counter to 
zero, disable interrupts, set the lI 
register to OOH, set the R register 
to OOH and set Interrupt Mode 0. 


Pushbutton Reset (Input, active 
low). The Pushbutton reset will 
generate a debounced system reset. 


Processor Clock (Output, active 
low). Single phase system clock. 


Auxiliary Timing 


Priority Chain Output (Output, 
active high.) This signal is used 
to form a priority interrupt daisy 
chain when more than one interrupt 
driven device is being used. A 
high level on this pin indicates 
that no other devices of higher 
priority are being serviced by a 
CPU interrupt service routine. 


STD-Z80 BUS PIN OUT 


52 PCI Priority Chain In (Input, active 
high). This signal is used to form 
a priority interrupt daisy chain. 
when more than one interrupt driven 
device is being used. A high level 
on this pin indicates that no other 
devices of higher priority are 
being serviced by a CPU interrupt 
service routine. 

53 AUX GND Auxiliary Ground (Bussed) 

54 AUX GND Auxiliary Ground (Bussed) 

55 +12V +12Vde system power 

56 =-12V -~12Vde system power 

NOTES: 

Ve The reference to input and output of a given signal is 


made with respect to the CPU module. 
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DSTD 102 PARTS LIST 


— ee Oe a ee ee ee eee ee =e ee ee ee eee eee ees ee ee gee eee 


DY4PART  =OTY DESCRIPTION DESIGNATION 
PT012008 1 74LS08 TTL-LS US 
P7012014 ~—s)— 74LS14 TTL-LS US 
PT012020, = 1~—74L $20 TTL-LS U10 
PT012074 ~=§ 2_—s 74LS74 TTL-LS U3 ,U14 
PTO12112_ 1 ~74L S112 TIE-LS | Ult 
PT012164 = $—74L S164 TIL-LS U4 
PT012243_—s 3 74LS243 TIL-LS U27 
PT012244_—s 2_— 74LS244 TTL-LS U28 ,U29 
PT012245 3 74LS245 TIL-LS U22 ,U24 ,U25 
PT012257__—«1— 74LS257 TIL-LS U13 
PT013074 ~—s 1) 74874 TIL-S U12 
P7015009 1 MK3880n (280-CPU) 2.5 MHZ CPU Ui? 
PT015013 1 MK3882n (280-CTC) 2.5 MHZ CTC U8 
PT015017_ 1 ~—~MK3884n (280-S10/0) 2.5 MH2 10/0 __UIé 
PT01400! 2 75188 OR NC1488 INTERFACE U6 U7 
PT016002_ 275189 OR NC1489_INTERFACE U1 U2 
PTO3600! 3 ~~ PALS2L6 U23 
PT03600 2__PALISL8 U9 ,U26 
PT041101 1 1/4 WATT, 100 OHM, 5% RESISTOR R12 
PTOI! 1 1/4 WATT, 1.2K OWN, 34 RESISTOR R4 
PT041220 1 1/4 WATT, 22 OHM, 3% RESISTOR Ré 
PT041221 = 1 —«1/4 WATT, 220 OWN, 54 RESISTOR RS 
pT041302 = 2_—«:1/4 WATT, 3K OHM, 5% RESISTOR R1 R? 
PT041472, 2 —«8/4 «WATT, 4.7K OWN, 3% RESISTOR R2,R3 
PT041473 «1 ~—s«1/4 ‘WATT, 47K QHM, 9% RESISTOR R10 
P7041681 1 —«174 WATT, 680 OWN, 5% RESISTOR R13 
PT043012, 2 ~~ PIN, 7 RESISTOR, 4.7K OHM, SIP RESISTOR NETWORK RN2 RNG 
PT043017, 1 10 PIN, 9 RESISTOR, 4.7K OM, SIP RESISTOR NETWORK RNG 
PT051004 1  034-55101 OR 035-54101, 100uf, RADIAL ELECTROLYTIC CAPACITOR C35 
PT052003 1 CKOSSX330K, 330f, 200V CERAMIC CAPACITOR C2 
PT052004 8 CKOSBX331K,330p¢, 200V CERAMIC CAPACITOR 06-13 
PT052009 8131-100-25U-474M, .47u¢, SOV, CERAMIC CAPACITOR C3 
PT052010 18  .Juf, 50V¢.1 LD. SP.) 8121-050-25U-104M, CERAMIC CAPACITOR €16,17,19,21-34,36 
PT052013 fut ,50V (.2 LD. SP.) 8121-050-25U-104N) (102 BOARD ONLY) C14 
PT053000 TAGION25, !0uf, 25V TANTALUM CAPACITOR C18 
PT061003 2N3906 TRANSISTOR Q1 
-PTO71000 .1 _IN4/48 SIGNAL DIODE - 03 
PT07300! IN4001 RECTIFIER D1 02 
PT091000 HLMP6300 SMALL RED LED LED2 


! 
g 
| 
J 
J 
J 
2 
J 
PT091002 1 HLMPé500 SMALL GREEN LED LED! 
PT101000 1 KI135A CRYSTAL OSCILLATOR GENERATOR U2! 
PT101005 1 Ki1164 5.000 NH2 CRYSTAL OSCILLATOR 
PT111873 1  $208-1 CARD EJECTOR WITH PINS 
PT122003 3 CHDS960WIS 60 PIN DOUBLE ROW HEADER JB1-J85, JB9-JBI5 
PT122004 1  CHS693441S 36 PIN SINGLE ROW HEADER JB6 JB7-JB10c JBIS 
2 
3 
r 
2 
! 
! 


PT 123003 7516-2 12 PIN RIGHT ANGLE CONNECTOR (ANP ONLY) J2,J3 
PT126020 640464-3 20 PIN 1.C. SOCKET U9 .U23 U26 


PT 126028 640362-3 28 PIN I.C. SOCKET U18-U20 U8 
U16,U17 


PT {26040 640379-3_ 40 PIN 1.C. SOCKET ‘ 
PT344901 DSTD 102 DY00449-H-Al-6 
PT 711003 102 MANUAL 
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DSTD 102 PARTS LIST 











DYSPART =‘ QTY DESCRIPTION DESIGNATION 

PT012008 1 = 74LS08 TTL-LS U9 
PTOI2014 =o) 74LS14 TTL-LS US 
PT012020 = 1 ~— 74520 TTL-LS U10 
PT012074 = 2S 74LS74 TTL-LS U3 ,U14 
PTO32112 74 S112 TIL-LS Ul} 
PTQI216¢ =) 74L S164 TTL-LS U4 
PT012243— 1 74L5243 TTL-LS U27 
PT012244 2745244 TIL-LS U28 U29 
PT012245_ Sd 7445245 TTL-LS U22 024 .U25 
PT012257__—ss)_ Ss 74L S257 TIL-LS U3 
PT019074 1 74574 TTL-S U12 
PTOIS910 ~=—o1 MK3880n-4 (280A-CPU) 4.00 MH2 CPU UI? 
PTO1S014 st MK3882n-4 (280A~CTC) 4.00 MH2 CTC Ug 

* PT015020 1s MK3884n-84 (280A DART) 4.00 MH2 DART U6 
PTO16001 = 279188 OR NC1488_ INTERFACE Ud ,U? 
PT016002_ 2 189 OR NC1489_INTERFACE U1 U2 
PTO36001 oo} PALI 214 U23 
PT036002 2 ~~ PALI6L8 UP 26 
PTO4i1101 =o) 1/4 WATT, 100 OWM, 34 RESISTOR Ri2 
PTO41122, 11/4 WATT, 1.2K OWN, 3% RESISTOR R4 
PT041220)— 1 1/4 WATT, 22 OHM, Sé_RESISTOR Ré 
PT041221 | 1/4 WATT, 220 OHM, Sh RESISTOR a9 
PT041302_ 21/4 WATT, 3K OHM, 3% RESISTOR R1 R? 
PT041472_ 21/4 WATT, 4.7K OWM, SK RESISTOR R23 
PTO41473 | 1/4 WATT, 47K OWM, 54 RESISTOR R10 
PT041681 sot 1/4 WATT, 680 OM, 3% RESISTOR R13 | 
PTO43012_ 28 ~PIN, 7 RESISTOR, 4.7K OHM. SIP RESISTOR NETWORK RN2 RNG 
PTO43017_— it 10 PIN, 9 RESISTOR, 4.7K CHM, S79 RESISTOR NETWORK RNG 


PTO51004 1034-55101 OR 035-56101, 100ué, RADIAL ELECTROLYTIC CAPACITOR C25 







































PTO52903_ oo} CKO SBX330K, 3304, 200V CERAMIC CAPACITOR C2 
PT092004_ —s8 SORT 200V_ CERAMIC oman Cé-13 — 
! 
g elute. 9 aru 
7052013 1] duf 50V C. 2D. SP, ) 9121 -050=25U-104N) (102 BOAR) GNLY) r14 
PT053000 1 TAGIOM25, 10uf, 25V TANTALUM CAPACITOR C18 
PFOS1003 1 2N3906 TRANSISTOR Q! 
PTO71000 = =6s 1 —IN4148 SIGNAL DIODE 03 
P:073001 2 IN4001 RECTIFIER D1 2 
PTO9iOOO =~ HUMP6300 SMALL RED LED LED2 
PTOPIOO] 1 ~—sHLMP6400 SMALL YELLOW LED LED! 
PTi01000 ~=—s1 Ki 135A BAUD RATE GENERATOR U2t 
PTIOIOO7 =o K11164 8.000 MH2 CRYSTAL OSCILLATOR U30 
PTI11073 =o S208-1 CARD EJECTOR WITH PINS 
PT122003 2 CHDS9S0WIS 60 PIN DOUBLE ROW HEADER J91-J89 JB9-JBIS 
PT122004 1 CHS6936NIS 36 PIN SINGLE ROW HEADER JBS JB7-JE10c BIS 
PT123003) 2 87516-2 12 PIN RIGHT ANGLE CONNECTOR (AMP ONLY) J2.J3 
PT126020) 3 640464-3 20 PIN 1.C. SOCKET U9 U23 26 
PT12$028 4 $40362-3 28 PIN 10, SOCKET Ui8-i29 UB 
PT126640 2 640379-3 40 PIN 1.0. SOCKET U6 Ul? 





PT344901_ — of STD 102 DY004d9-4-41-7 
PT7is903 102 MANUAL 








ST 


- 
i] 
ads 


PARTS L 


9-TV-A-BhhOOAD 


| sacle 2 Hf 





=) |, CFL erat 


0 Ca ES, 9n 


= 
ar q over | 


< 


Cc 
hhzZS1 98 


VOVNVI NI —4\ - SW3LSAS 
c 
N) 
Oo 


wn 
, 
a 
= 
2 
«i 
a 
Ean 


Nd} 082 || 
ca 
wy NS 

- 


N 
c Sh9S7 Ni 
a 

+ 


ts 
Yo pa FA Reodd@ 201 o1s0 hip 


c 
“i 


O1S 082 


Tan 


DSTD-102-4 SILK SCREEN 


FIGURE C-1 


v) 


APPENDIX D 
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Interrupts provide a means of processing . 
_Informatton on a random or asynchronous 
basis. The Z8Q CPU and peripheral neue 
support Interrupts using a dalsy-chain 
approach. As opposed to paral lel priority 
resolution, the dalsy chain uses an 


efficient, minimai-hardware method of priorl= 


tizing multiple Interrupting devices, In 
addition, o parsiiel priority resolution 
scheme can be configured with the Z80 through 
the use of a priority encoder and other. 

- external hardware, 


- + me 


“Coupled 1 with. the powerful vectored Interrupt -~ + Microcomputer Components Data 


capabliities of the Z80, this approach allows . 


The Z80 uses two types of interrupts: maSk= 
_ able CTNT Input) and non-maskabie (NMT 


ets 
es ne i * 205 


280 Family oa 
Interrupt Structure 


- Tutorial. 


, 
om eels ok 


“the Syston deeloner great flextbIitty in’ 
Implementing an interrupt driven system, 


This document deseribes the’ Z80 CPU interrupt.” 
process and evaluates the design of the 


OF as TAM Si 


Hf 


 dalsy-chain interrupt scheme, The reader sents 


' 


refer to the following documents for addl- 
‘tional information: . 


5 


- 280 Assembly Language proghamaling 

Manual P Ree (03-0002-01) 
Z280/Z80A CPU Technical Manual | (03-0029-01) © 
280/Z80A $10 Technical Manual (03~3033-01) ; 
Z80/Z80A PIO Technical Manual” -(03-0008-01) 


ee 


Book + taleincey 


eR: 


Input). Maskable Interrupts may be nested. . 


The simplest maskable Interrupt ([mptementa= 
~'-<tfon does not provide for the nesting of  _ 
=~ Interrupts, thereby obligating an Interrupt 
service routine to complete Its processing .,, 
2+. and return to the maln program before another” 
_tnterrupt can be serviced. . With nested .,:.. 


interrupts, an Interrupt service routine caning 


be Interrupted either by an interrupt that |; 
Invokes the same routine {reentrant type) or 


by a higher priority Interrupt that Invokes a. |. 
different, interrupt service routine.. The Z80.. 
family components allow the user to. fmplemant 


, & powerful Interrupt-driven system utilizing 
,, these concepts... .. ..,... oot, 
When both types of Interrupts are employed, . 
the 260 CPU wil! service them In a specific. 


af % 


‘sequence, Both the TNT and NAT inputs are --.- 


sampled by ‘the CPU on the rising edge of CLK’ 
In the last T state of the last Machine je (M) 
‘cycle of any Instruction. However, If BUSRO 
_\s active st the same time, It will be 
processed before any Interrupts. Figure 1 
Ittustrates the 280 Anrerript Service 
sequence, =. a ae ae ees 


yo 


“Non-Maskable = The non-maskable interrupt (NMI) Is dit ferent 
‘Interrupts from the maskabie Interrupt In several 


be disabied by the programmer. . It Is 


employed when very fast response Is desired” 


independent of the maskable Interrupt status 


This application note refers to products as Z80 "A", 


respects, NNT Is always enabled and cannot _ 


Mataant 
titties et 


~ 


Matn ans 
wht e ae 


‘and Can be used‘ for’ Interrupt conditions like™ 


a power fall detect, NMI Is an edge-sens l=: 


tive signal that has a lower priority than - 


CPU acknowledges an occurrence of NMI, the 
processor begins a normal opcode fetch. How- 


“B" etc. to specifiy the speed grade. 


We are no longer using those characters for the speeds. For more details, please refer to the ordering » 


_ Information section, - eoceic0 Ay ne Beas 


61 11809-0003 
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ae 
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BUSRQ and higher priority than TNT, When the 


-7 , 
Jia ni cml ee 
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co Maskable 
oo Interrupts 


ever, the data read from memory Is Ignored 
and instead the CPU restarts Its operation 
_from location 66H. The restart operation 
Involves pushing the Program Counter onto the 
.<« Stack, Jumping to location 66H, and continu-~ 
Ing to process there. During this time, the 
Status of the maskable Interrupt condition Is 
‘.” LASTM CYCLE 
a papas fears oa oes 


, ee! 


Tye Be wa, 


d 


i >|; s0NsMin 


Dy-D, : 


shows the timing used for NMT Interrupts. - 
<+—— IGNORED M1 CYCLE——>|<—- 


aie te. | T2 | T3 | T4 


preserved and maskable Interrupts are dis~ 
abied, until! elther an El Instruction Is 
executed or a RETN Instruction ts used to 
exit the NMI service routine. 

The RETN Instruction Is. discussed In*detal! 
In the 280 CPU Technical Manual, Figure 2 


Bh 0 whet ade gy . z 
a a & 
: " 


PCTO.” Beto 
~~ STACKCYCLE” [~~ "STACK CYCLE 


Ty | T2 | T3 T; | T2 | T3 


Figure 2. Non-maskable Interrupt Request Operation 


Maskable Interrupts (INT) are. acknowledged 
_ with a lower priority than the NMI but allow 
: the programmer more flexibility. INT Is 
enabled under software control by way of the 
Et. Instruction and disabled via the DI In- 
_ Struction. When the Z80 CPU samples INT and 


-, ..It Is active, the processor begins an Inter= 


‘. .cupt acknowledge cycle so long as BUSRO and © 
"NNT are not active. The processor does not 
_ use an Interrupt acknowledge signal but 


= _ Instead Issues the acknowledge by executing a - 


T4 T2. 


RD: — 
3 if ne s Pa ia (HIGH) = a eae ee fe | 


Twa 


special MT cycle. During an Interrupt © 
acknowledge cycle, RD Is Inactive, TORO Is 


active, and two 
added, | 
Since the Z80 peripheral devices have logic 

to Interpret this spectal cycle with no 
additional external circultry, a minimal 

amount of hardware Is needed by the system 

and there {s no loss In effictency, Figure 3... 
Shows the detalied timing for the Z80 CPU 
Interrupt acknowledge cycle. i. 


T3 E T4 


walt states are automatically 


t 


Twa 


.Maskable 
interrupt 
Mode 1 


Figure 3. Interrupt Acknowledge Cycle: . 
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. Maskable 
-Interrupt — . . 
Mode 


~ Subsequent bytes 


-Maskable 
Interrupt — 
Mode 1 


 611=1809-0003 


. periph 


There are also three modes of operation for 


These are Mode: 
e Any particular mode 


Servicing maskable interrupts, 
0, Mode 1, and Mode 2 


_- MODEO ~ 


"DISABLE INTERRUPTS 
IFF1,IFF2=Q a 


| READ Ist BYT? 
OF INSTRUCTION 


(Mi, ORG Low) 


MORE BYTES 
REQUIRED FoR 
INSTRUCTION 


READ NEXT BYTE 
(NORMAL MEM. READ 
WITH PC STATIONARY) 


CALL OR RST 


MODE 1 | 


(os +. | DISABLE INTERRUPTS 
ee Lo ee IFFUIFF2°9 


RET 
STACK — PC 


_ tS selected by the Programmer using the 1M 
. Instruction, Figure 4 li lustrates the 
processing sequence for each Interrupt mode, 


« 


MODE 2): " 


DISABLE INTERRUPTS: 
(FFI, iFF2=9 


FORM VECTOR: 
TABLE ADDRESS: 
(REG+VECTOR 


GET STARTING 
ADDRESS FROM 
VECTOR TABLE 


JUMP TO NEW 
LOCATION: 

START INTERRUPT 
SERVICE ROUTINE 


El (ENABLE INTERRUPTS] |. 


RET: [ 
. STACK pc 


FOR CALL 


OR RST 
ONLY 


a4 ee an 


Figure 4. Maskable Interrupt Sequences | 


In the maskablie Interrupt Mode 
8080 Interrupt response mode}, 


Ing device Places an instructto 
bus for execut | 


0 (as with the 
the interrupt~ 


(Each sub-j 
Ss e } How~ : 


The first byte of a multib 

read during the |} 

| by normal memory 

read cycles. The Program Counter remains at 

Its pretnterrupt State, and the user must 

Insure that memory will not respond to these 

Interrupt Mode I mally complex 

oO Interrupt processing, 
, to the NNT Interrupt, except 

that the CPU automatically CALLs to location 


. 38H Instead of 66H, 


read Sequences, since the Instruction must 
Interrupt hardware, 


NMI In Figure 2). 
When an Interrupt ts 

Succeed Ing interrupts 

disabled, 


Upon RESET, the CPU automatically sets 
Interrupt Mode 0. | 


As with the NMT, the cpy 
Pushes the Program Counter onto the Stack 
auTomatical ty (Figure 2), 
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The Z80 CPU Interrupt vectoring structure 
allows ‘the peripheral device to Identify the 
starting location of the Interrupt service 
FOUL Ns 


Maskable 
Interrupt | 
Mode 2 
_ (Vectored 
', Interrupts). :; 


we, 


Mode 2 is the most seg eehul of the three 
“ac nodes maskab te interrupt modes. It allows an. 
Latog egy asc. lndtrect call to any memory location by a 
Oa “single. 8=-bit vector supplied by the perIph=_ 
coe pews Oral. in this mode, the peripheral generat 
foie Tg the Interrupt places the vector onto the 
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Moe" data bus In response to an Interrupt ack= 

“or pledge The vector then becomes the feast 

oe “ signtftcant eight bits of the 16-bit Indirect 
oe  paliter, whereas the J register in the CPU 

our viene. forms the most significant elght bits. This 

4,- address polnts to an even address in the 
vector table which then, becomes the starting 
_address of the interrupt service routines : 

_ Interrupt processing thus starts at an 
ys arbitrary 16-bit address, allowing any loca- 
saline tion In memory to begin the service routine, 

~ $Ince the vector Is used to Identify two 
_ adjacent bytes that form a 16-bit address, 
; the CPU requires an even starting address for 
her the vector's tow byte. Figure 5 shows the 
“hae ls ieee, Sequence of events for peor sn vectored 
Ce “Interrupts, 


The | register Is loaded by the user from the 
«A register, There Is no restriction on Its 


* 2 
Read ew Tak re 


6 2 wre 


ee 
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€ 
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& Return from When execution of the Interrupt service 
 Maskable / routine Is complete, return to the main 
- leterrupt ". program (or another service routine) occurs » 
; * ee hd In each mode, In Mode 0, the 
“"°" method of return depends on which Instruction 
ao was executed by the CPU. If an RST Instruc- | 
ition Is used, a simple RET suffices... 
«1, the CPU treats the Interrupt as a CALL 
+ Instruction, so an RET Is used. Mode 2, © 
‘; however, uses the vector Information from she. 
peripheral chip to identify the source of the 


fig! 
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Te 


- (HIGH) 


In nooo = 


‘Halt € 
Using 
interr 


value other than Its pointing to a valid 
memory location. 


za0 CPU MEMORY 


LOW ORDER 
| HIGH ORDER | 


INTERRUPT 
SERVICE 
ROUTINE 


NOTES: 

}. Interrupt vector Saaiiel by She is read by CPU 
ing interrupt acknowledge cycle. 

2. Vector combined with I register contents fotm 16-bit memo 
address pointing to vector table. 

3. Two bytes are read sequentially from vector table. These 4 
bytes are read into PC. 

4. Processor control is transferred to interrupt service rutin 
and execution continues. 


' Figure 5. Vector Processing Sequence 


ae 
5 


recognized interrupt, and a method of rese 

ting the peripheral's Interrupt condition ~% 
"must be found. This Is accomplished by usi 
_ the RETI Instruction. if Mode 2 1s used by 
- the programmer, the RET! Instruction must be 
-. executed in order to utlifze the daisy chalz 
*properlye Figure 6 shows the RET! Instruc- 
_.tlon timing for the Z60 CPU, A more complet 
eee of how RET affects the. peri! 

. erals Is given in Chapter’ 3, 


“fF 
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532 










Halt Exit 
Using 


cuted, the CPU enters the Halt state by 
Interrupts 


executing No-OPs (NOPs) until an interrup 
RESET ts recelved,. 


MT cycle with four T states. The CPU sam 
- the state of the NMT and INT tines on the 


(Figure 7). 


ristng edge of each T4 clock 
re ann 


t 


} 


‘ 


INT? OO ror ae ee 


. ¥ 


- Figure 7. Exit Halt 


Understanding maskable Interrupt processing 
requires a famitfarity with how the 280 
peripherals respond to the CPU Interrupt. 
Sequence, The 280 family products were 
designed around the dalsy=chain Interrupt 
configuration, which utifizes minimal. 


works). Many devices handle Interrupts vla 
handshake arrangement, esq. the use of } 
interrupt request and interrupt acknowledge 
Signals. This Is the most stralghtforward 
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ing priorittzation using more than one 
Interrupting device. Howaver, this method | 
requires a separate Interrupt request: Signal 
for each peripheral device and elther a 
separate acknowledge’ signal for each device 
or & software acknowledge, 
needed to provide contention resolution 
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rupt simultaneously. With the 280. product 
famtty, however, such extra hardware {s 
unnecessary and the software does not need to 
remove the Interrupt request from the pert ph= 
eral device. This {s made possible through 
use of the dalsy-chaln priority network, 


which can best be visualized as a type of 
bucket brigade. 
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_ The Z80 peripheral products Implement. this 
dalsy chain with Just three extra signal 
‘tines on each chips . taterrupt enable Input 
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Whenever a software halt Instruction Is exe~ 


Each NOP consists of one: 
ples | 









_ external hardware (compared to-parallel con= 
tention resolution interrupt priority net- ~ 


and probably the fastest method of Implenient- 


Extra hardware fs... 


should two or more devices request an Inter=__ 
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When an Interrupt exists on elther tine, the . 
subsequent cycle wilt be elthar a memory read 
operation (NMT) or an Interrupt acknowledge 
(INT). The timing tn Figure 7 shows a mask- 


able Interrupt causing the CPU to exit the 
Halt States... a 
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State with Maskable Interrupt 

(1El), Interrupt enable output (1E0), and 
Interrupt request (INT), The Interrupt 
request fine Is an open-drain circult that fs 
OR wired to the INT pins of the other devices 
In the chain and connected to the INT pin on 

, the 280 CPU. This Tine provides the Inter- °. 

-rupt request to the CPU. ey 


‘nh ol 
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‘<.. 5 

~The 1€1 and iEO lines provide the means for 
establishing priorlty among several request~ 
Ing devices....The priority of a device Is 

determined by {ts position In the chain, The 
1Et pin of the highest priority device In the 
chain Is connected to +5 volts. The 1£0 pin 
of the same device {s connected to the {£1 
pin of the next highest priority device. The 
1EO pin of that device goes to the 1E! pin of : 

the next lower device, as shown In Figure 8, 

and so on to the fast device in the chatn, 

where the IEO pin Is lteft open. When a . 

device has an Interrupt pending, It activates 

its INT output which requests service from 

the GPU and brings Its 1EO pin Low, thereby 

preventing the tower devices in the chain 

from responding to further’ Interrupt opera~ 

tions. When the CPU acknowledges the Inter- | 

rupt, the requesting device removes Its 

Interrupt request (INT) signal. After the - 

_ Interrupt processing Is completed, the 
~perlpheral wit reset Itself with an RETI 
Instruction, which will bring 1£0 High and 

', Yestore the chaln to its qulescent state. 
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IP = INTACK # INT COND , 
chain from Fesponding ' 
errupt cycle, ‘ys is cleared when and 
- TET ls. High and the Periphera} decodes a “ies. 3 ~ 
valid "Ep-gpn Instruction, Thus, ye 1EO w= JE] # 
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b) Truth Table of Daisy Chain Duing Idle “5, ,coetenaae of Daisy Chain During 
or Interrupt Acknowlege Condition. “ED” Decode of Opcode Fetch, 


Note That IP Is Not Part of IEO Condition, 
P ; I 
10. 280 Peripheral Interrupt States | 


Stabilize wit the Propagat lon delay of © 

the devices must be taken into cons Ideration, 

SInce a device can change Its Interrupt . 

Status unti} reaching the active edge of MT 

during Interrupt acknowledge, the time from 

this edge unti} TORT becomes active Is the 
all conditions — +ime In which chaln must Stablitze, 
Cknow ledge, Figure 11 show ng relationships 
rtian B-bi¢ Involved In this process, 
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Acknow ledge 
Operat ton 


The Z80 peripherals are acknowledged by the - 
CPU and then serviced by an appropriate 
interrupt service routine. The acknowledge 
to the peripherals is accomplished by the CPU. 


;* executing a special MT cycle in which TORO 


goes active Instead of MREQ and RD. Whenever . 


~ - removes the INT signal (since the CPU has 


' Return from 


Interrupt 
Operation 
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MT goes active, aff peripheral devices are’ me 
Inhibited from changing their Interrupt , 


status. This allows time for 1EO0 to propa= . .-. 


gate through the other devices In the chain 


* before TORQ goes active, As soon as TORQ and | 
_ MT go active, the peripheral device that has 


its TEt High and an Interrupt pending gates 
an 8=bit vector onto the data bus, (See 
Figure 9 for timing detalis.) This 8=bit . 
vector, which was programmed Into the 
pertpheral device, Is combined with the con- 
tents of the | register in the CPU to form a> 
lJ6~bit address vaiue, Ouring the time that 
M1 and TORO are active, the requesting device * 


a7 


Te ty T2 


“acknowledged it) and walts tor a ‘return: 


operation. ‘If the peripheral device has Its 
TE} pin High and has had an Interrupt ack=>. 
nowledged, then It completes the Interrupt © 
cycle and refedses [£0 (when it sees an RETI 
Instruction [{E0-40 sequence) on the data. 
bus). This restores the chain to [ts normal. 


state so that eee: pee nUreCryEne can 


OCCcUr » 


' The Z80 par (pheeale eaalter MT and RD for the 


Interrupt acknowledge cycle. Since RD goes 


‘active before TORO, the peripheral devices 


assume an Interrupt acknowledge cycle If MT° 


1s active and RD Is not. This reduces the 
time required for the [Internal device logic 


to respond to TORQ when It goes active, 


Thus, a very powerful Interrupt-driven systen 


can be Implemented with minimal hardware, 


, Simple software, and high efficlency using 


. the Z80 family components. 
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Figure 9, Peripheral Interrupt Acknowledge 


When the CPU executes an RETI Instruction, 
the device with an interrupt under. service 


resets [ts Interrupt condition, provided that «|. 


1El Is ‘High. Alt Z80 peripheral .products. 
Sample the data bus for this Instruction when 
M1 goes active along with RD. 


The RETI Instruction decode by the perlpheral 


device has certain characteristics ‘that the 
designer should be aware of. Since a periph- 
eral can request an interrupt (activate iNT 
and bring iEO0 Low) at any time, it Is pos-— 
Stble for a device whose Interrupt [s cur- 
rently under service to have [ts 1€1 pin Low. 


‘This fs undesfrable, since such a condition 


prevents the perlpheral from resetting IUS 
properly. To overcome this problem, all Z80 


family perlpherais bring EO High momentarily 
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when the ED Is seen during the ED-4D. 
Instruction fetch. The device whose Inter- 
rupt ts under service does not allow /E0 to < 
go High, but when It sees IE! High, It will: 
reset Itself when the 4D byte Is fetched. | 


Figure 10 shows the relattonshtp of IP and. 
1US to TNT, tEI, and 1€0. IP Is set by an- 
Interrupt candition on the peripheral (such. 
as the transmit buffer becoming empty) when’ 
ever interrupts are enabled. However, IP - 


betng set wlll only cause INT to go act Ive’: 


{requesting an Interrupt) If (US Its not set “ 
and IE! ts High, IP [s not necessarily. 
cleared by the Interrupt acknowledge cycle, 

Some spectfic action must be taken within the 
service routine, such as fliling a transmit 2 
buffer, Under these conditions, US becomes: 
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The Z80 CPU automatically Inserts two walt > 
states during INTACK, allowing a worst-case — 
time for a chain of four devices to become 


settled (when using Z80A CPU and peripherals 


at 4MHz). If more devices are In the chatn, | 
some other means of stabl tizing the chain 

must be provided. This can be done elther by 
adding additional walt states to the INTACK 
cycle or by providing logic to’ the periph= ~~ | 
erals that al tows faster propagation time 
down the chain. Figure 12 shows circultry 
that. provides both additional walt states and 
an Interrupt look-ahead circult when more 
than four peripheral devices are connected to 
the dalsy chain, | 


a 


. When adding walt states to the 280 CPU Inter= 


rupt acknowledge cycle, care must be. taken to 


‘ Insure that TORO goes active at the proper 
time. Normally, the CPU activates TORQ on 
the falling edge of the clock during the 


first walt cycle, If external logle Is used 
to Insert additional walt states, these are 


“appended to the two walt states already - 


generated by the CPU. Because IORQ goes - 


active during the first walt state and the 
- pertpherals assert thelr vectors when [ORO 
becomes active, TORO must be Inhibited untit 


the daisy chain becomes stable, ‘This can be 
done simply by adding a few gates to the walt 


logic (Figure 13). TORO! ts the delayed TRO 


that activates the peripheral devices, 


~——_——— 760ns TYP. 


Figure 12A. Daisy Chain Look-Ahead Logic for More Than Four Peripheral Devices 
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- : The propagation delay through. the peripheral... - before the 4D part of RETI Is decoded, 

- devices app Iles during the return from... -Figure 14 shows the timing relationships 

- Interrupt cond! tion, also. Worst-case ae Involved. This timing Is not as critical as 
timing Involves the lowest priority device the Interrupt acknow I edge timing at 4 MHz, 
that has an interrupt under service and the but should be considered If walt states are 
highest priority device that has an Inter~ beIng added to the INTACK cycle, 
rupt pending. When the —D part of the RETI If using nested Interrupts with a large dalsy 
opcode Is fetched, the peripheral devices , - _ chaln, the programmer should be careful not _ 
‘must decode It, and the highest prior! ty ‘to place the RETI opcodes too close together, 
device must bring Its 1EO pin High. This Since RET! Is 14 cycles long, this Is 
TEO high signal must then propagate through generally not a probiem unless a very long *: 
_the chaln down to the iowest priority device | chain Is:used, |: | a / 8 
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Figure 13. Wait State Logic for Interrupt Acknowledge Cycle. 
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NOTES: 
1. Setup time for IE] to “4D” decode = 200ns (4.0 MHz). 
2. Must look at IEI during ED-4D because nested interrupts ° 
allow more than 1 IUS latch to be set at one time. 
3. Delay time from ED decode with IP set to IEO high 
~ 300ns (typ) 400ns (max) @2.5 MHz. 
.:  Tipple time for other devices in chain, 


" T, 2 TyED(IEO,) + TyIEKIEO,) * {N-2j + T,IEM4D) 


_ for N-2 devices UNS ae = Saad 
TyED(IEO,). = Delay time from “ED” decode to IEO rise. . a, 
TyIEK(IEO,) = Delay time from IEI high to lEO rise, 
TIEK4D) = Setup time for IET during “4D” decode. 

(For last device in chain.) es 


Figure 14. Daisy Chain Interrupt Timing (RETI Condition) 
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» SPECIAL CASES Interfacing ZI log 8500 Serles periphera| ' acknowledge timing when using the 8500=type 
OF INTERRUPTS Products (ClO, Flo, SCC, ete.) to the Zeo cpy peripherals, Ara . eee 
“ Is a ilttie different from Interfacing: the 
. 280 Peripherats to the CPy, 
The primar 


















Funct lonal ly, they are the same, as can be > family Peripheral devices 
seen In the timing d 































ore used, , 
lagrams of Figure 15 In each case, the 8500 Per! phera| component 
However, the 8509 Peripherals do not sample requires TRYACK ang RD to be active In order 
MT, RD, and TORO for the Interrupt acknow|~ for the Interrupt vector to be made aval lable 
edge, but have an explicit INTACK pin to to the CPU. The logic shown provides for 
Signal the Interrupt acknowledge, Also, this, 
Since the 8500 Peripherals have & software This clrcultry also permits extended Inter- 
: reset for the Interrupt under service filp- rupt acknowledge times to allow for the dalsy . 
flop, these devices do not require a speciaj chaln Propagation delay and the vector 
return opcode to do that operation. The user response delay, so that larger chains can be 
need only be concerned with the Interrupt Implemented, 3 
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“OS interrupt °% - 
» During RESET 


A RESET to the Z80 CPU does several things as 


far as Interrupts are concerned. The |! 
register, which contains the upper elght bits 


of the ‘I6=bit interrupt address value, ts 


reset to 0, and the Interrupt mode Is set to 


Mode 0. Maskable Interrupts are disabled ~ 


untli the programmer Instructs the CPU to 


f 





'. Then continues as usuai,9 © 


execute an EI instruction, Just as If a DI” 

Instruction were executed, If an NMT occurs : 

during the RESET operation, the CPU executes . 

one instruction after the RESET condition and 
_ before acknowledging the NUT. Processing 


me, 


AZ 
: oT 











mene 9 6H aM 
- soeekb BSthe Py ate Es : 
wage ge RO PERCE T ane eS 

pe eee aes 





SECTION 





‘rotocol 





‘Imtroduction, 9 : 


is designed for use in a wide variety of serial- - 
to-parallel input and parallel-to-serial output. 
’ applications. In this application note, only — 


asynchronous applications are considered. The 
* emphasis is almost completely on software 


Communication, either on an externa) data 
link or to a local peripheral, occurs in-one of 
two basic formats: synchronous or asyn: 

_chronous. In synchronous communication, a 
message is sent as a continuous string of © 
. characters where the string is preceded and 


_ terminated-by control characters; the pre- 


. ceding contro! characters are used by the 
receiving device to synchronize its clock with 


- the transmitter’s clock. In asynchronous com- 


munication, which is described in this applica- 


' tion note, there is no attempt at synchronizing ~ 


the clocks on the transmitting and receiving 


devices. Instead, each fixed-length character - 


(rather than character string) is preceded and: 
terminated by “framing bits” that identify the — 


_ beginning and end of the character. The time | 
_ between bits within a character is approx- 


imately constant, since the clocks or “baud 
rates” in the transmitter and receiver are 


selected to be the same, but the time between 


“o _ 7 = _ MESSAGE FLOW 
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Tit BETWEEN CHARACTERS VARIES ’ 


Figure 1. Asynchronous Data Format a ge 2 oa 


This application note refers to products as Z80 “A”, "B” etc. to specifiy the speed grade. We are no longer . a as 
using those characters for the speeds. For more details, please refer to the ordering information section. : 





- implementation, with only modest reference to ; 
The Z80 Serial fap Ouasti (sIO) seuteeites? 


“+ the 280 SIO in asynchronous applications. 


’ receiver will look for a start bit, assemble the 


~*” acter ends, the receiving device will wait idly - 
for the start of the next character while the 
transmitter continues to send stop or 

. “marking” bits (both the stop bits and the 


'’ trates this. A very common application of asyn- | 


' devices, where the time between the operator's. 
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Using the Z80° SIO 
In Asynchronous 
Communications 


Application 7 a ee es “ 
Note mek 


hardware considerations.- 
While reference is made only to the ane 
-* Z80 SIO, the entire text also applies to the 
' Z80 DART, which is functionally identical to 





characters can vary. 


Thus, in asynchronous communication, each 
character to be transmitted is preceded by a 
“start” framing bit and followed by one or 
more “stop” framing bits. A start bit is a. 
logical O and a stop bit is a logical 1. The 


character up to the number of bits the SIO has ae 
been programmed for, and then expect to find ee 

a stop bit. The time between the startand stop 
bits-is approximately constant, but the time Sea Oe 
between characters can vary. When one char. . 


marking bits are logical 1). Figure ! illus- ee 
chronous communication is with keyboard 


keystrokes can vary considerably. 
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Protocol 
(Continued) 


Modes 


If the transmitter’s clock is slightly faster 


_ than the receiver's clock, the transmitter can 


be programmed to send additional stop bits, 
which will allow the receiver to catch up. If 
the receiver runs slightly faster than the trans- 
mitter, then the receiver will see somewhat 
larger gaps between characters than the trans- 
mitter does, but the characters will normally 


The SIO may be used in one of three modes: 


Polled, Interrupt, or Block Transfer, depend- 


'. SIO periodically to determine if a data 
_«:, @haracter has been received or is ready for 


_. transmission. When the SIO is ready, the CPU _ 
:, handles the transfer within its main program. 


In Interrupt mode, which is far more com- 


o 7 routine which handles the single-character 


_’. transfer. The beginning memory address of 


this interrupt service routine can be derived, 


_in part, from an “interrupt vector" (8-bit byte) _ 


< " supplied by the SIO. during the interrupt 


* : _acknowledge cycle. 


_ $10 Con- .._. 
paar : 


:- 


In Block Transfer mode, the: SIO is ued in 


The SIO comes in four different 40-pin 
configurations: SIO/0, SIO/1, SIO/2, and 
. SIO/9. The first three of these support two ° 


aes pues control and status registers used by 





~ SIO-CPU 


Hardware | 


_ Interfacing 


. the CPU to write control bytes and read status 
” bytes. The SIO/9 differs from the first three 


versions in that it supports only one full- duplex | 
channel. The product specifications for these 


The serial-to-parallel and parallel-to-serial 


_ conversions required for serial I/O are per- 
_ formed automatically by the SIO. The device is 

_. connected to a CPU by an 8-bit bidirectional - 
~ data path, plus interrupt and vO control 


signals. 

The SIO was Seaionda to iteridice Saale to 
a Z80 CPU, as shown in Figure 2. Other 
microprocessors require a small amount of - 


external logic to generale the Decoeety inter: 
* face signals.” 7 


The SIO provides a sophibdesied See 


interrupt facility to signal events that require .. 


CPU intervention. The interrupt structure is 


Z80 microprocessors that are unable to utilize 


_. external vectored interrupts require some _ 
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' ing on the capabilities of the CPU. In Polled +.” 
..mode the CPU reads a status register in the 


mon, the SIO informs the CPU via an interrupt 

' signal that a single-character transfer is - 
required. To accomplish this, the CPU must be . 
_., able to check for the presence of interrupt 
signals (or “interrupt requests’) at the end of | 
most instruction cycles. When the CPU detects _ 
‘an interrupt it branches to an interrupt service _ 


ae independent full-duplex channels, each with 

_., available. Therefore, the versions differ by 
.. either omitting one signal or bonding two 

. signals together. The dual-channel asyn- 
-chronous-only Z80 DART has the : same pin. 


based on the Z80 peripheral daisy chain. Non- _ 


CPU block transfer instructions for very fast 

transfers. The SIO interrupts the CPU or DMA 
‘only when the first character of a message 

- becomes available, and thereafter the SIO uses 


| - readiness for subsequent character transfers. 
.. Due to the faster transfer speeds achievable, 


_ synchronous communication and only rarely in 
-_ asynchronous formats. It is therefore not — 
., .treated with specific Stemples in this applica- 
_ tion note. 


_ regardless of whether or not an I/O device 
- . desires attention, Interrupt mode is. usually the 
. >. preferred alternative when it is supported by | 
'» the CPU. Note that the choice of Polled or ‘ 


synchronous or asynchronous I/O. This latter 
.: ; choice is usually determined by the type of 
PO ge ~'. device to which the system is communicating. 
Sf hs fr 
., .-versions' explain this in' full. - 
.,, There are 4} different signals needed for 
; complete two-channel implementation in the 


‘- require the CPU to poll the SIO’s status 


' SIO interrupts. 


-* which synchronize a peripheral device read or" 
- write operation are gated to form the proper 
I/O signals for the SIO. The SIO is selected 





stil] be received properly. This tolerance of 
minor frequency deviations is an important 
advantage of using asynchronous I/O. Note 
however that errors, called ‘framing errors,” 
can still occur if the transmitter and receiver 
differ substantially in speed, since data bits 
may then be erroneously ireaied as start or 
stop bits. 


conjunction with a DMA (direct memory 
access) controller or with the Z80 or Z8000 


_ only its Wait/Ready output pin to signal its 


Block Transfer-mode is most commonly used in: 


Since Polled mode equines CPU overhead 


Interrupt mode is independent of the choice of 





SIO/0, SIO/1, and SIO/2, but only 40 pins are © 


configuration as the sIO/0. 


additional external logic to utilize efficiently 
this interrupt facility. Some non-Z80 system. 

designs do not utilize the vectored interrupt . 
structure of the SIO at all. Instead, these 


through the data bus or to use non-vectored 
Microprocessors such as the 8080 and 6800 


need some signal translation logic to generate — 
SIO read/write and clock timing. CPU signals | 


by some processor-dependent function of the 
address bus in a memory or I/O addressing . 
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Addressing 
the SIO 


Asynch- 
ronous 
Format 


Operations | 


. ~ 


' Operational Considerations. 


All of the SIO options to be discussed here 


.. are software controllable and are set by the 


CPU. Thus, use of the SIO begins with an 


_ initialization phase where the various options 
are set by writing control bytes. These options _ 


are established separately for each of the two — 


The CPU must have'a means to identify any 


specific I/O device, including any attached 
SIO. In a Z80 CPU environment, this is done 


by using the lower 8 bits of the address bus 
' (Ag-A7). Typically, the A; bit is wired to the | 


SIO's B/A input pin for selecting access to 
Channel A or Channel B, and the Ag bit is 
wired to the SIO’s C/D input pin for selecting _ 
the use of the data bus as an avenue for i 
transferring control/status information (C) or . 


actual data messages (D). The remaining bits. 


of the address bus, A2~A7, contain a port ~ 
address that uniquely identifies the SIO | 


_ Bits per Character. The SIO can receive or — 


transmit 5, 6,7, or 8 bits per character. This 
can be different for transmission and recep: . 
tion, and different for each channel. ASCII 
characters, for example, are usually transmit- _ 


ted as 7 bits. The SIO can in fact transmit 


fewer than 5 bits per character when set to the 
5-bit mode; this is discussed further in the sec- 
tion entitled “Questions and Answers.” 


Parity. A parity bit is an additional bit added: -— 
_ toa character for error checking. The parity 


bit is set to 0 or | in order to make the total 
number of 1s in the character (including parity 


bit) even or odd, depending on whether even | 
_or odd parity is selected. The SIO can be set 


either to add an optional parity bit to the “bits 


_per character” described above, or not to add 


'. such a bit. When a parity bit is included, 


~ CPU-SIO © 
Character 
_ ‘Transters | . 


Clock 
Divider 


_ either even or‘odd parity can be chosen. This 
(eth ft PPOs Pn ESSENSE 
* followed by the parity bit (if parity is enabled) 

- and by the stop bit, which will be logic 1 
unless there is a framing error. The remainder | 
_ of the byte, if space is still available, is filled 
. . with logic 1s (marking). If the “bits per char- 
‘ acter” is eight, then the byte sent to the CPU 
will contain only the data bits. In all cases, the | 


The SIO always passes 8-bit bytes to the 
CPU for each character received, no matter 
how many “bits per character” are specified in| 
the SIO initialization phase. If the number of 


“bits per character” is less than eight, parity ._ 


and/or stop bits will be included in the byte 


sent to the CPU. The received character starts * 


with the least-significant bit (Dg) and continues 


- to the most-significant bit; it is immediately — 


The SIO has five input pins for clock 


signals. One of these inputs (CLK) is used ~~ : 


only for internal timing and does not affect 
transmission or reception rates. The other four 








Clock inputs (RxCA, TxCA, RxCB, and 
TxCB) are used for timing the reception and 


transmission rates in Channels A and B. Only ° 
these last four are involved in “clock divid- __ 
ing.” A clock divider within the SIO can be 


‘ their input clock rates can be different. The x] 
_ clock rate can be used only if the transitions of 
‘the Receive clock are synchronized to occur 





4 . 


channels supported by the SIO if both chan- | 


* nels are used. Before giving an overview of ~ 


‘ how initialization is done, we will describe 
some of the basic characteristics of SIO oper- 
ations that are common to both the Polled and 
Interrupt-driven modes. ‘ , s 


device. These latter six lines are usually wired 
to an external decoding chip which activates 
that SIO’s Chip Enable (CE) input pin when its 
address appears on Aj-Ayz of the address bus. 
The bar notation drawn above the names of 

certain signal lines, such as B/A and C/D, 
refer to signals which are interpreted as active 
when their logic sense—and voltage level—is 

Low. For example, the B/A pin specifies Chan- 
nel B of the SIO when it carries a logic | (high 
voliage) and it specifies Channel A when it 
carries a logic 0 (lew voltage). 


” selection can be made ncependenty for each 


channel. 


. Start and Stop Bits. There are two types of 
framing bits for each character: start and stop. _ 


When transmitting asynchronously, the SIO ~ 
automatically inserts one start bit (logic 0) at | 
the beginning of each character transmitted. 
The SIO can be programmed to set the 
number of stop bits inserted at the end of each 
character to either 1, 14%, or 2. The receiver 
always checks for | stop bit. Stop bits refer to — 
the length of time that the stop value, a logic 


1, will be transmitted; thus 1% stop bits means — 


that a 1 will be transmitted for the length of 
clock time that !% bits would normally take 


~ up. A logic 1} level that continues after the 


specified number of stop bits is called a 
“marking” condition or “mark bits.” 


’ 


start bit is stripped off by the SIO and is not 


~ transmitted to the CPU. 


programmed to cause reception/transmission » 
clocking at the actual input clock rate or at 

1/16, 1/32, or 1/64 of the input clock rate. The 
receiver and transmitter clock divisions within 
a given channel must be the same, although © 


during valid data bit times. 
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_ The SIO has an Auto Enables feature that 


Detect (DCD) input will enable reception, and 
allows automatic SIO response and telephone ~ aa transition to yn _to logical 0 on the respective Clear 
answering. When Auto Enables is set for a par- To Send (CTS) input will enable transmission. 

‘ ticular channel, a transition to logical 0 (Low 





This is described below under the heading 


input level) on the respective Data Carrier: “Modem Control.” 






Special * There are three error conditions that can 


. Parity error. If parity bits are attached by 
- Receive = occur when the SIO is receiving data. Each of the external I/O device and checked by the 
- Conditions _ these will cause a status bit to be set, and if 


SIO while receiving characters, a parity 
operating in Interrupt mode, the SIO can 


_ error will occur whenever the number of 
optionally be programmed to interrupt the _ logic I data bits in the character (including 
CPU on such an error. The error conditions _ + the parity bit) does not correspond to the 
are called “special receive consitions: and odd/even setting of the a cata 
they include: sic. os? function. 


w Framing error. If a stop bit is not detected. 
. in its correct location after the parity bit (if - 
used) or after the most-significant data bit 
(if parity is not used), a framing error will 


@ Receiver overrun error. SIO oe can 
hold up to three characters. lf a character is 
received when the buffers are full (i.e., 


characters have not been read by the CPU), 
_ result, The start bit preceding the char- | an SIO receiver overrun error will result. In 
_ _ acter’s data bits is not considered in deter- - _ this case, the most recently received char- 
, mining a framing error, although character _ acter overwrites the next most recently 
» assembly will not begin until a start bit is : _Teceived character, 
detected. <a | 


Five signal lines on the SIO are provided 
for optional! modem control, although these 
lines can also be used for other general- 
purpose control functions. They are: 


.. SYNC (Synchronization). A spare input to the 

~ SIO in asynchronous applications. This input 
may be used for the Ring Indicator function, if 
necessary, or for general-purpose inputs. 


- RTS (Request To Send). An output'from the °°” In most applications of asynchronous I/O 
SIO to tell its modem that the SIO ts ready to. . that use modems, the RTS and DTA control 
transmit data. | | 


, . lines and the Auto Enables function are acti- 
‘PTR (Data Terminal Ready). An output bores vated during the initialization sequence, and 


they are left active until no further I/O is 
to tell Y 
leet iors ais eget peaey -expected. This causes the SIO to tell its 


, a piety abies: Conran er 5 Racen tan aa 
CERTAIN OPM AB ERE ae vO ie EE go, be RCP E OE 2 ES 


_ modem continuously that the SIO is ready to 
CTS (Clear To Send). An input to the SIO _ transmit and receive data, and it allows the 
: from its modem that enables SIO transmission _s,odem to enable automatically the SIO‘s trans- 
: if the Auto Enables function is used. ° | mission and reception of data. Figure 3 illus- 
a DCD (Data Carrier Detect). An iapat to the trates this. | 


SIO from its modem that enables SIO recep- 
tion if the oue mreoics function is used, 
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External/. 
_ Status 
_ Interrupts 


A change in the status of certain externa] . 


-. inputs to the SIO will cause status bits in the 
SIO to be set. In the Polled Mode, these status 


bits can be read by the CPU. In the Interrupt 
mode, the SIO can also be programmed to 
interrupt the CPU when the change occurs. 
There are three.such “external/status” condi- : 


-: tions that can cause these events: 


‘Initialization 


_ registers for Channel A (all except write 

. Fegister WR2). These are described fully in 
... the 280 SIO Technical Manual and are 
summarized in Appendix B. The registers are 


w DCD. Reflects the value of the DCD ere 
w CTS. Reflects the value of the CTS input. . 


‘w Break. A series of logic 0 or “spacing” bits. 


_ The SIO contains eight write registers for 
Channel B (WRO-WR7) and seven write 


 * 


programmed separately for each channel to — 
configure the functional personality of the 
channel, WR2 exists only in the Channel B | 
register set and contains the interrupt vector 
for both channels. Bits in each register are 


_named D> (most significant) through Do. With 
_ the exception of WRO, programming the write 
' registers requires two bytes: the first byte is to 


WRO and contains pointer bits for selection of 


_ one of the other registers; the second byte is 


written to the register selected. WRO is a 


i. special case in that all of the basic commands 
ean be written to it with a single byte. 






There are also three read registers, named 


- RRO through RR2, from which status results 


of operations.can be read by the CPU (see 


Appendix B). Both channels have a set of 


~ 


A. Load WRO. This is done to reset the SiO. 


__B. Load WR4. This specifies the clock divider, number oi 


“stop bits, and parity, selection. Since register WR4 
establishes the general form of 1/O jor which the SIO is to. 


' be used, it is best to set WR4 values lirst. 


C. Load WR3. This specifies the number of receive bits sf 
‘per character, Auto Enable selection, and turns on the 
‘receiver enabling bit. - 


D. Load WRS5. This specilies the number of transmit bits 


’ per character, turns off the bit that transmits the Break 


signal, turns on the bits indicating Data Terminal Ready °-” 
and Request To Send, and turns on the transmitter, . 
enabling bit. 


E, Load WR2. (Interrupt mode only sat Channel B aay ) 


This specifies the interrupt vector. 


' F. Load WR). {interrupt mode only.) This specifies 


. NOTES: . . 
Steps A through F are selected in sequence. 


various interrupt. ages options that will be Sepeined 
aaa 7 


*Channe! B only. 


tInterrupt mode only. ae mode aan YO alter step D. 


ae 


«asynchronous I/O. They apply only to syn- 
chronous communication. 


_ be referred to at this point. They will be . 
necessary in following the discussion of func: 


tions. In particular, the following material 
should be reviewed: 


£80 SIO Technical Manual, pages 9-12 


__ Figure 4. Typical Initialization Sequence (One Channel) 


280 SIO Technical Manual, pages 29-37 


Note that the DCD and CTS status bits are 


“ the inverse of the SIO IO lines, i.e., the DCD bit 


will be 1 when the DCD line is Low. 
Any transition in any direction (i.e., to logic 
0 or to logic 1) on any of these inputs to the 


.SIO will cause the related status bit to be 


latched and (optionally) cause an interrupt. 


’ The SIO status bits are latched after a transi-. ~ 
'.. tion on any one of them. The status must be | ° 
reset (using an SIO command) before new 
~, transitions can be reflected in the status bits. - 


read registers, but register RR2 exists only in 


Channel B. 


Let us now look at the ‘pice sequence of 


‘gas registers that are loaded to initialize 
_ the SIO for either Polled or Interrupt-driven 
~~~ asynchronous I/O. Figure 4 illustrates the 
sequence, Except for step E, this loading is 
. done for each channel when both are used. : 
Steps E and F are described further in the sec- 
tion on “Interrupt-Driven Environments.” 


Registers WR6 and WR7 are not used in 


The related publications on the SIO should . ‘ 


(“Asynchronous Operation”) 


(“Z80 SIO Programming”) 
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Reception 
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Character 
| Reception 


 Polled Enviroiwanté. 


In a typical Polled environment, the SIO is 
initialized and then periodically checked for 
completion of an I/O operation. Of course, if 
the checking is not frequent enough, received 


' characters may be lost or the transmitter may 


be operated at a slower data rate than that of 


To check whether a character has-been 


; received, and to obtain a received character if 


one is available, the sequence illustrated in 
Figure 5 should be followed after the SIO is 
initialized. We assume that reception was 
enabled during initialization; if it was not, the 
Rx Enable bit in register WR3 must be turned 
on before reception can occur. This must be 
done for each channel to be checked. 
Bit Do of register RAO is set to 1 by the SIO 


if there is at least one character available to be. 
received. The SIO contains a three-character 
input buffer for each channel, so more than 
one character may be available to be received. 


Removing the last available character from the 
read buffer for a particular channel turns off 
bit Do. 

If bit Do of register RRO is 0, then no 


. character is available to be received. In this 


case it is recommended that checks be made of 
bit D7 to determine if a Break sequence (null 
character plus a framing error) has been 
received, If so, a Reset External/Status Inter- 
rupts command should be given; this will set 


-. the External/Status bits in register RRO to the 
. values of the signals currently being received. 


Thus, if the Break sequence has terminated, 
the next check of bit Dz will so indicate. It may 


also be desirable to check bit 3 of register RRO __ 


which reports the value of the Data Carrier 
Detect (DCD) bit. ! 


READ ARO 


CHARACTER 
Nie foes 


os Py 
eager STATE 


BREAK 
IT CHANGED 
erate 


RESET EXTERNAL 
STATUS INTERRUPTS 


which it is capable. Initialization for Polled /O 
follows the general outline described in the 
last section. We now give an overview of 
routines necessary for the CPU to check 
whether a character has been received by the 
SIO or whether the SIO is ceady. to transmit a 
character. 


+ 


- In any case, if bit Dp of register RRO is 0, 
polled receive processing terminates with no ' 


, character to receive. Depending on the facil- 


ities of the associated CPU, this step may be 
repeated until a character is available (or 
possibly a time-out occurs), or the CPU 
may return to other tasks and repeat this 
process later, § 

If bit Dg of register RRO is 1, then at least 
one character is available to be read. In this 
case, the value of register RR! should first be 
read and stored to avoid losing any error infor- 
mation (the manner in which it is read is 
explained later). The character in the data 
register is then read. Note that the character 
must be read to clear the buffer even if there is 
an error found. 

Finally, it is necessary to check the value 


- stored from register RR1 to determine if the 


character received was valid. Up to three bits , 
need to be checked: bit 6 is set to 1 fora 
framing error, bit 5 is set to ] for a receiver 
overrun error (which occurs when the receive | 
buffers are overwritten, i.e., no character has’. 


- been removed and more than three characters 


have been received), and bit 4 is set to 1 fora 


parity error (if parity is enabled at initial- 


ization time). In case of a receiver overrun or 


_ parity error, an Error Reset command must be 


given to reset the bits. 


READ Aft 
READ 
CHARACTER 


RECEIVE RESET 
wer ia ERRORS 


ye 


Figure 5. Polled Receive Routine 
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' Character 


To check that an initialized SIO is ready to 


Transmission transmit a character on a channel, and if so to 


transmit the character, the steps illustrated in 


- Figure 6 should be followed. We assume that 


the Request To Send (RTS) bit in WRS, if 
required by the external receiving device, 
and the Transmit (Tx) Enable bit were set at 


‘ initialization. 
Depending on the eee receiving device,- 
. the following bits in register RRO should be 


checked: bit 3 (DCD), to determine if a data 
carrier has been detected; bit 5 (CTS), to 
determine if the device has siqnalled that it is 
clear to send; and bit 7 (Break), to determine 


if a Break sequence has been received. If any _ 


of these situations have occurred, the bits in 
register RRO must be reset by sending the 


* Reset External/Status Interrupts command, and: 


the transmit sequence must be started again. 
Next, bit 2 of register RRO is checked. If this 
bit is 0, then the transmit buffer is not empty 


~~ and a new character cannot yet be transmitted. 
- Depending on the capabilities of the CPU, this 
_is repeated until a,character can be trans- 


mitted {or a timeout occurs), or the CPU may 


- return to other tasks and start again later. 


If bit 2 of register RRO is 1, then the transmit - 
buffer is empty and the CPU may pass the 


character to be transmitted to the SIO, com- 
pleting the transmit processing. On the 

280 CPU, this is done with an OUT instruction 
to the SIO data port. 
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Assumptions 
for an | 
Example 


_ Now let us consider some examples in more 


'. detail. We assume we are given an external 
device to which we will input and output 8-bit 


characters, with odd parity, using the Auto 


_, Enables feature. We will support this device 


‘with /O polling routines following the patterns 


illustrated in Figures 5 and 6. We assume that 


~< the CPU will provide space to receive char- 


acters from the SIO as fast as the characters 
are received by the SIO, and that the CPU will 
transfer characters as fast as the outputs can = 


-accomplished by the SIO. 


We specify this example by giving the con- 
trol bytes (commands) written to the SIO and 
the status bytes that must be read from the 
SIO. Recall that to write a command to a regis- 


‘ter, except register WRO, the number of the 


register to be written is first sent to register 


 WRO; the following byte will be sent to the 
named register. Similarly, to read a register 
other than RRO (the default), the number of the; 
register to be read is sent to register WROQ; the 


following byte will return the register named. 





Initialization 


We begin with the initialization code for the 


' , SIO. This follows the outline illustrated in 


Figure 4. In the following sample code, each 
time register WRO.is changed to point to 
another register, the Reset External/Status 
Interrupts command is given simultaneously. 
Whenever a transition on any of the external 
lines occurs, the bits reporting such a transi- 
tion are latched until the Reset External/Status 
Interrupts command is given. Up to two transi- 
tions can be remembered by the SIO. There- 
fore, it is desirable to do at least two different 


Reset External/Status Interrupts commands as 
late as possible in the initialization so that the 
status bits reflect the most recent information. 
Since it doesn't hurt, we include these com- 
mands each time WRO0O is changed to point to 
another register. This is an easy way to code 


the initialization to insure that the appropriate | 


resets occur. 


_ In the example below, the logic states on the - 
‘C/D contro} line and the system data bus 


(D7-Dp) are pore eee together with 


~ comments. 





Initialization 
(Continued) 
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In the- receive and transmit routines that fol- 
- low, we treat errors such as a transition on the 
Data Carrier Detect line by calling for a “reset 
sequence” to set the values in read register 
RAO to reflect the current values found at 
the pins. This sequence consists of g!ving 
the Reset External/Status Interrupts com- 
mand and beginning the driver over again. 
The command takes the form of a write to 


register WRQ: | | | 


Dy Dg Ds Dy Dy Dg Dy Dy 


ojotoyi fete foto 


Permits the status bits in RRO to reflect current status. 


This command does not turn off the latches 


for such things as parity errors stored in bits 
4-6 of register RR1. When such an error 
occurs and the latches must be reset, we will 


Dy De Ds Dye Dg Dy D, Do. 


- Effects and Comments 


Channel Reset command sent to register WRO (Ds-D3). 


. Point WRO to WR4 (D2-Dp) and issue a Reset External/ 
Status Interrupts command (Ds-D3). Throughout the 
initialization, whenever we point WRO to another 


register, we will also issue this command for the 
reasons noted above. ; 


Set WR4 to indicate the following parameters (from left 
to right): ‘ 
A. Run at 1/64 the input clock rate (D7-Dg). 


B. Disable the sync bits and send out 2 stop bits per 
character (Ds-D9). 


C. Enable odd parity (D;-Dp). 
Point WRO to WR3. 


Set WR3 to indicate the following: 

- A. 8-bit characters to be received (D9~Deg). 
B. Auto Enables on (Ds), : 
C. Receive (Rx) Enable on (Dg). 


Point WRO to WRS. 


Set WRS to indicate the following: 
A. Data Terminal Ready (DTR) on (Dy). 
B. 8-bit characters to be transmitted (Dg-Ds). 
C. Break not to be transmitted (D4). 
D. Transmit (Tx) Enable on (D3). 
E. Request To Send (RTS) on (D)). 


call for an “error sequence." This sequence, - 


consists of giving the Error Reset command 
and beginning the driver over again. The 
command also takes the form of a write to 
register WRO: 


Dy De Ds Dg Ds Dg Dr Dy 
ofofi ji fo folfofeo 
Resets the latches in register RR. ; 


When specifying the result of reading 
register HRO or RR1 or specifying data, we will 
indicate the values read as follows: | 


‘Dy Dg Ds Dg Dg Dg Dy Do 


pL o}oyoto{o tr {. 


Read a byte from the designated register. 





Receive and 
Transmit 
Routines 


" Now we will first give an example _ 
of the receive routine. This parallels the 
preceding discugsion of “Character 
Reception.” | | 
The framing error in this routine is reported 
on a character-by-character basis and it is not 


‘ 


necessary to execute an “error sequence” if it © 
is the only error received, However, it is not 
harmful to do so. | 

Next, we give an example of transmission 
code that parallels the above discussion on 


“Character Transmission.” 
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. Interrupt-Driven Environments. 


Ina typical interrupt-driven environment, 


' the SIO is initialized and the first transmission, 


if any, is begun. Thereafter, further I/O is 
interrupt driven. When action by the CPU is 


-needed, an SIO interrupt causes the CPU to 


branch to an interrupt service routine after the 
' CPU first saves state information. 
In common usage, if I/O is interrupt driven, 


__ all interrupts are enabled and each different 


type of interrupt is used to cause a CPU 


' branch to a different memory address. There is 


_ Perhaps one frequent exception to this: parity 
‘ errors are sometimes checked only at the end 


. Of a sequence of characters. The SIO facili-. 
_ tates this kind of operation since the parity 
_ error bit in read register RR1 is latched; once 


the bit is set it is not reset until an explicit . 


The interrupt vector, register WR2 of Chan- 


_ nel B, is an 8-bit memory address. When an 
interrupt occurs (and note that an interrupt 


can only occur after interrupts have been 
enabled by writing to register WR1) the inter- 
rupt vector is normally taken as one byte of an 
address used by the CPU to find the location 
of the interrupt service routine. It is also 
possible to cause the particular type of inter- 
rupt condition to modify the address vector in 
WR2 before branching, resulting in a branch 


’ WR2 first. In this Way an interrupt that arrives 


- rupt condition. This is a very useful construct; 























































Effects and Comments (Receive Routine) 


+] 

Read a byte from RRO (the default read register); if 
Do=0 then no character is ready to be received. In 
this case, if D7 (Break) or D3 (Data Carrier Detect) 
have changed state, then execute a,“reset sequence.” 
lf Do=0 and Dy and D3 have not changed state, then 
no character Is ready to be received; either loop on 
this read or-try again later. 


Point WRO to read from RR1; we will now check for 
.etrors in the character read. Note that Reset Exter- 
_nal/Status Interrupt Commands are not done normally 
to avoid losing a line-status change. 


Read a byte from RR); if either bit Dg=1 (framing 
error), Ds = (receive overrun error), or Dqg=1 
(parity error), the character is invalid and an “error 

- sequence” should be executed after the following step. 


Read in the data byte received. This must be done to 
clear the S1O buifer even {f an error is detected. 


? 


Effecta and Comments (Transmit Routine) 


Read a byte from RRO; If either bit Dy (Data Carrier 
Detect), Ds (Clear To Send) or D7 (Break) have 
changed state, a “reset sequence” should be executed. 
If D3, Ds and D7 have not changed state, then if 
Dz=0, the transmit buffer is not yet empty and 
4 transmit cannot take place; either loop, reading RRO, 
or try again later. | 


Send the data byte to be transmitted. 


reset operation is done. Thus, if a parity error 
has occurred on any character since last reset, 
bit 4 in register RR] will be set. It is then 
possible to set register WR1 so that parity 
errors do not cause an error interrupt when a 
character is received. The user then has the 
obligation to poll for the value of the parity 

bit upon completion of the sequence. 

SIO initialization for Interrupt mode nor- 
mally requires two steps not used in Polled 
mode: an interrupt vector (if used) must be 
stored in write register WR2 of Channel B and 
write register WR1 must be initialized to 
specify the form of interrupt handling. It is 
preferable to initialize the interrupt vector in 


after the enabling bits are set in WR1 will 
cause proper interrupt servicing. | 


to a different memory location for each inter- 


it permits short, special-purpose interrupt. 
routines. The alternative, to have one general- 
purpose interrupt routine which must deter- ss; 
mine the situation before proceeding, can be 
quite inefficient. This is usually undesirable 
since the speed of interrupt-service routines is 
often a critical factor in determining system 
performance. 
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< (Continued) | | 


Initialization. 


- There are at most eight different types of 
interrupts that the SIO may cause, four for 
each of the two channels. If bit 1 in register 


WR] of Channel B has been turned on so that 


an interrupt will modify the interrupt vector, 
the three bits (1-3) of the vector will be 


changed to reflect the particular type of inter- 


rupt. These interrupts follow a hardware-set 


priority as follows, mariing with the highest 
priority: 


Channel A Special Receive Condition sets bits, 


3-1 of WR} to 111, 
Channel A Character Received sets bits 3-1 


to 110, : 
Channel A Transmit Buffer PBmPy sets bits 3-1 
to 100,.. - 
Channel A Exiarnal/Stabie Transition sets bits . ; 
3-1 to 101. 
Channel B Special Receive Condition sete bits | 
3-1 to O11, _ 
Channel! B Character Received sets bits 3-1] 
to O10, 
Channel B Transmit Buffer oe sets bits 3-1 
to 000, ¥ 
Channel B Extornal/Statue Teanalilod & sets bits 
3+) to O01. 


For example, suppose that the interrupt vec- : 


tor had the value 11110001 and the Status 
Affects Vector bit is enabled, along with all 
interrupt-enable bits. When an External/Status 
transition occurs in Channel A, the three zeros 
(bits 3-1) would be modified to 101, yielding 
‘an interrupt vector of 11111011. The value of 
the interrupt vector, as modified, may be 
tained by reading register RR2 in Channel B. 


In general, the initialization procedure 
illustrated in Figure 4 can still be followed. All 
' six steps (A through F) are required here. 


7 After completing the first four steps, which are 


the same as initialization for polled I/O, it is 
necegsary to load an interrupt vector into WR2 
of Channel B. Information is then written into 
register WR} specifying which interrupts are 
to be enabled and whether a specific kind of 
interrupt should modify the interrupt vector. 
Now let us give an example. As in the polled 


example, we assume that we are given a 


device to which we will input and output 8-bit 
characters, with odd parity, using the Auto 
Enables feature. We also assume the CPU will 
provide space to store characters as received. 
We do not discuss the SIO commands and 
registers in detail. This is done in the Z80 SIO 
Technical Monual. A summary of the register 


_ bit assignments taken from the 280 SIO Serial 


Input/Output Product Specification is included 
at the end of this note. Recall! that to write a 












Note that when a character is recejved, 
either the Special Receive Condition or Rx 
Character Available interrupt will occur, 

’ depending on whether or not an error 
occurred; the two will never occur simul- 
taneously. Therefore, these two interrupts have 

~ egual priority, Note also that you can select 

. not to be interrupted on some of the eight con- 

_ ditions; in this case, the presence of a par- 

ticular condition for which interrupts are not _ 

. desired can be determined by polling. 

- Suppose that interrupts have been enabled 
for all possible cases, and that the Status 
Affects Vector bit has also been enabled, 
allowing a different routine to handle each 
possible interrupt. As each interrupt causes a 
branch to a location only two bytes higher than 
the last interrupt, It is not possible to place a 
routine directly at the location where the vec- 

-tored interrupt branches. In a Z80 CPU envi- 
ronment, these addresses refer to a table in © 
memory which contains the actual starting 
location of the interrupt service routine. Also, 
since the state information saved by a CPU is» 
rarely all of the information necessary to prop- 
- erly preserve a computation state, a typical — 
interrupt service routine will begin by saving 
additional information and end by restoring 
that information. This is shown briefly in the 
examples of code in Appendix A. 

It is possible to connect several SIOs using 
the interrupt mechanism and the IEI and IEO 
lines on the SIO to determine a priority for 
interrupt service. This mechanism is discussed 
on page 42 of the 280 SIO Technical Manual 
and in the 280 Family Program Interrupt 

Structure Manual. We do not go into it further 

in this application note. 






register other than register WHO, the number 
of the register to be written is first sent to 
register WRO, and the following byte will be 
sent to the named register. ‘Similarly, to read a 
register other than RRO (the default), the 
number of the register to Fe read is first writ- 
ten to register WRO and the next byte read will 
return the contents of the register named. 

In our example below, each time register 
.WRO is changed to point to another register, _ 
the Reset External/Status Interrupts command 
is also given. Whenever a transition on any of 


_the external/status lines occurs, the bits report- . 


ing the transition are latched until! the Reset 
External/Status Interrupts command is given. 
Up to two transitions can be remembered by 
the internal logic of the SIO. Therefore, it is 
desirable to do at least two different Reset 
External/Status Interrupt commands as late as 
possible in the initialization so that the status 
bits reflect the most recent information. Since 


it doesn't hurt, we-give these commands each 


‘Initialization time WRO is changed to point toanother reg- ——_., The columns below show the logic states on:»: 
(Continued) — ister. This is an easy way to code the initial- - the C/D control line. and the system data bus «.‘ 
Ze ization to assure that the appropriate resets _. (D7-Do), together with comments. if 
occur. . . 3. 7 eet 


= Bits sent to the SIO “ke oe een. 3 
C/D Dz Dg ‘Ds De Dg, _.. Effects and Comments 


Channel Reset command sent to register WRO (Ds-D3), . 


0 Point WRO to WR4 (D2-Dpo) and issue a Reset Exter- 
nal/Status Interrupts command (Ds-D3), Throughout 
’ the initialization, whenever we point WRO to another 
register we will also issue a Reset External/Status 
Interrupts command for the reasons noted above, 


Set WR4 to indicate the following parameters (from lett 
to right): 
A. Run at 1/64 the clock rate (D7-Dg). Le tyes 
B. Disable the syne bits and send out 2 stop bits per .. 
character (Ds-D9). : 
C. Enable odd parity (D)-Do). 


Point WRO to WR3, 


SOS AIRE tage yt gem tin“ ARN RSA RRR SHA: Sone vena 
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Set WR3 to indicate the following: 

A. 8-bit characters to be received (D7-Dg). 
_ B. Auto Enables on (Ds). 

C. Rx Enable on (Dp). 


Point WRO to WRS. , 


Set WRS to indicate the following: 
A. Data Terminal Ready (DTR) on (Dy). 
B. 8-bit characters to be transmitted (Dg-Ds). 
C. Break not to be transmitted (D4). 
D. TxEnableon(D3), sy ; 
E. Request To Send (RTS) on (D)). 


Point WRO to WR2 (Channel B only). .: . . 
F< : ; : 
Set the interrupt vector to point to address 11100000 
(which is hex EO and decimal 224), Once interrupts ; 
‘- are enabled, they will cause a branch to this memory - 
» location, modified as described above if the Status |. : 
» Affects Vector bit ia turned on (which it will be here). 
This vector is only set for Channel B, but it applies 
to both channels. It has no effect when set in 


_ Channel A. = 
‘Point WRO to WRI." 


Set WR] to Indicate the following: 
A. Cause interrupts on all characters received, 
treating a parity error as a Special Receive 
_ Condition interrupt (D4-D3). ate 
‘~~ B, Turn on the Status Affects Vector feature, causing * 
Interrupts to modify the status vector—meaninglul 
only on Channel B, but will not hurt if set lor 
Channel A (D3). 
C. Enable interrupts due to transmit buffer being 
empty (D)}), > - 
D. Enable External/Status interrupts (Dg). 
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| Assembler 
; Code - 
| (Continued) 


SlOrecint: 


SS re Srey SPP Sa Py PP fs isp 


PUSH 
IN 

LD 
POP 


El 
RET] 


AF 


A,(SlOdata) 
(X) ,A 


AF 


Of course, this last routine is probably far . 
too simple to be useful. It is more likely that 
an interrupt routine will fill up a buffer of 
characters. A more complex example of a 
receive interrupt routine is contained in the 


S1Oextint: 


PUSH 
LD 
OUT 
IN 
LD 
POP | 
E] 
RETI 


AF 


A,00010000B 
(SlOctrl) ,A 


A(SlOctrl) 


(X) A 
AF 


;save registers which will be used in this routine 


.. fetch the character received 


sstore result for later use 


restore saved registers 
senable interrupts 
sreturn from interrupt 






oho 


chapter entitled “A Longer Example.” 
We now, give a simple interrupt routine for 
an External/Status Interrupt, again assuming 
that the status contents of SIO register RRO are 
stored in temporary location X: Sg 


;save registers which will be used in this routine 


;send a Reset External/Status Interrupts command 


fetch register RRO 


";store result for later analysis 


restore saved registers 
;enable interrupts 
return from interrupt 


a ee Ee Te ee a i Ee 
Finally, we give the processing for a 
transmit interrupt routine in the case where no 
more characters are to be transmitted. | 
It is likely that this code would just be a por- 
tion of a more general transmit interrupt 


| SlOtrnint: 


PUSH 


LD 
OUT 


POP 
E] 
RET] 


AF . 


A,00101000B 
(SlOctrl) ,A 


AF 


routine which would transmit a buffer-full of 
information at a time. A more complex exam- 
ple is included in the section entitled “A 
Longer Example.” 


isave registers which will be used in this routine 


;send a Reset Tx Interrupt Pending command 


;restore saved registers 
:Enable Interrupts 
:Return From Interrupt 
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SECTION 
5 


Hardware 
Considerations 


Questions and Answers. 

Q: Cana sloppy system clock cause prob- 
lems in SIO operation? 

A: Yes; the specifications for the system 
clock are very tight and must be met closely 
to prevent SIO malfunction. The clock high 
voltage must be greater than Ve-—0.6V but 
less than +5.5V. The clock low voltage 

~ must be greater than —0.3V but less than 
+0.45V. The transitions between these two 
levels must be made in less than 30 ns. This 
does not apply to the RxC and TxC inputs 
which are standard TTL levels. 


Q: .When is a received character available to 
be read? 

A: Data will be available a maximum of 13 
system clock cycles from the rising edge of | 
the RxC signal which samples the last bit of 
the data. 


Q: What is the maximum time between 
character-insertion for transmission and 
next-character transmission? 

A: This will vary depending on the goked of 
the line over which the character is sc 
transmitted. 


Q: Are the control lines to the SIO synchro- - 


nous with the system clock so that noise may 
exist on the buses any time before setup 
requirements are satisfied? 


’ KR: Yes. 


Register 


Contents 


Q: In asynchronous use must receiver and 
transmitter clock rates be the same? 

A: No, the SIO allows receive and transmit 
for each channel to use a different clock 
(thus up to four different clocks for receiv- 
ing and transmitting data can be used on 

_ each SIO). However, the clock multiplier 
for each channel must be the same. 

Q: Do Wait states have to be added when 
using the SIO with other processors other 
than the Z80 CPU? 


Q: Does the Tx Buffer Empty (bit 2 in register , 


RRO get set when the last byte in the buffer 
is in the process of being shifted out? 

A: No. The bit is set when the transmit buffer 
has already become empty. Similarly, the 
Tx Buffer Empty interrupt will not occur 
until the buffer is empty. The same is true 
for reception: the Rx Character Available 
bit (bit O in register RRO) is not set until the 
entire character is in the receive buffer, and 
the Rx Character Available interrupt will 
not occur until the entire character has 
been moved into the buffer. 


Q: If an Rx Overrun error occurs (and 
bit 5 of register RR] becomes latched on) 
because a new character has arrived, which 
character gets lost? 


‘ 


A: No, provided that setup times epecitiod or. 
the SIO are met. cat 

Q: If the Auto Enables bit in register WR3 is. EB 
set, will a change in state on the DCD — : 
Carrier Detect) or CTS (Clear To Send) 
lines still cause an interrupt? 


A: Yes, provided that External/Status Inter- ‘i 
rupts are enabled (bit 0 in register WR1). © 2 


Q: Is the Ml line used by the SIO if no inter-* 
rupts are enabled? . 

A: No, and in this case the M1 input should. 
be tied high. 


Q: Will the SIO continue to interrupt fora 
condition if the condition persists and the +” 


interrupt remains enabled? 
A: «Yes. 


Q: : What is the maximum data rate of 
‘the SIO? 
A: It is 1/5 the rate of the system clock 
‘(CLK). For example, if the system clock | 
operates at 4 MHz, the SIO’s maximum 
transfer rate is 800K bits (1OOK bytes) 


per second. 


Q: What pins are ade sensitive and should - 
be strapped to avoid strange interrupts? 3 

A: . The external synchronization (SYNC) pins 3 
and: any other external status pins that are 
not used, including CTS, and DCD. 


Q: . What happens if the transmitter or 
receiver is disabled, while processing a | 
character, by turning off its associated 
enable bit (bit 3 in register WR5 for transmit ; 
or bit 0 in register WR3 for receive)? 

A: The transmitter will complete the 
character transmission in an orderly fashion 
The receiver, however, will not finish. It will: 
lose the character being received and no. - 
interrupt will occur. 3 


A: The most recently received character 
overwrites the next most recently received “ 
character. 


Q: Does the Reset External/Status Interrupts 
command reset any of the status bits in 
register RRO? 

A: No. However, when a transition occurs on 
any of the five External/Status bits in 
register RRO, all of the status bits are 
latched in their current position until a 
Reset External/Status Interrupts command is 
issued. Thus, the command does permit ihe. 
appropriate bits of register RRO to reflect 2 
the current signal values and should be . 
done immediately after processing each © 
transition on the channel. 
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bee) 
Lah os A Special Receive Condition interrupt - value of reign RR1 to gather statistics on 
ecified for ‘ : | occurs (a) if a parity error has occurred, (b) if performance or determine whether to accept - 
. ae | Condition there is a receiver overrun error (data is being _ the character. In some applications, a 

rWR3 is - _ Interrupts overwritten because the channel's three-byte |. character may still be acceptable if feceived - 

~D (Data et receiver buffer is full and a new character is with a framing error. 

send) ee : being received), or (c) if there isa framing © In specifying the result of weeding mesiaee 

oo ff error, The processing in this case is the fol- RRO, RR1, or specifying data, we will indicate - 

Sinteks. a lowing: - the values as follows: 


WR). - 1, Issue an Error Reset command (to register Dy Dg Ds Dg Dg Dg Dy Dg 


neiniek : WRO) to reset the latches in register RKRI.. © =p | De ke DD | D 


ei 2. Read the character from the read buffer and _ Read a byte from the designated register. 
should _; i discard it to empty the buffer. We now present an example of processing a 
It may be desirable to read and store the Special Receive Condition interrupt. 


t for a | 
id the § es Bits sent and recelved 


Do Do _ Effects and Comments 


If we need to know what kind of error occurred, we 
point WRO to read from RR}. Note that the Reset 
External/Status Interrups command is not used. This 
avoids losing a valid interrupt. 


] ] Read a byte from RR]; one or more of bit Dg (framing 
ock 

error), Ds (receive overrun error), or Dg (parity error) 
men will be 1 to indicate the specific error. 


5 7 
a Give an Error Reset command to reset all the error 
latches. 
Read in the data byte received. This must be done to 
Bs my clear the receiver buffer, but the character will gener- 
q Cee : : ’ ally be disregarded. 


tat are : 7 — 
Received (Rx) When an Rx Character Available interrupt with character lengths of 5, 6, or 7 bits, the 
Character occurs, the character need only be read from received parity bit will be transferred with the 
.. Interrupts the read buffer and stored. If parity is enabled character. Any unused bits will be 1s. 


ga 
ed 


transmit - External/ _ To respond to an External/Status Interrupt, _ interrupt, it is necessary to read register RHO. 


' Status all that is necessary is to send a Reset Exter- © In this case, the complete processing takes the 
Interrupts nal/Status Interrupts command. However, if following form: x 4 
fashion. you wish to find the specific cause of the 


h. It will 
id no oes Bits sent and received. Se 
a4 Dy Dg Ds Dg Dg Dg | ' Effects and Comments 


. Read register RRO; bit D7 (Break), Ds (Clear To Send), 
—eonmmennntee * or D3 {Data Carrier Detect) will have had a transition 
‘ter to indicate the cause of the interrupt. 
seived Give a Reset External/Status Interrupts command to set 
the latches in RRO to their current values and stop 
External/Status Interrupts until another tranaition 


2rrupts = « | 7 : occurs. 


in 
=. | . Transmit (Tx) The final kind of interrupt is a Tx Buffer rupts until the next character has been loaded 

‘curs on - Buffer Empty Empty interrupt. If another character is ready into the transmitter buffer. 
7 | |. Interrupts to be transmitted on this channel, a Tx Buffer The Reset Tx Interrupt Pending command to: 
| i Empty interrupt indicates that it is time to do WRO takes the following form: 

a E so. To respond to this interrupt, you need only 
nandis = " send the next character. If no ghee character es os i, i ke ce MR 
mitthe - is ready to transmit, it may be desirable to 0 of 1 fof 1ifo{ o| 0 


flect | : 
ae | mark the availability of the transmit mechanism _pecet Tx Interrupt Pending command: no Tx Empty Inter- 
for future use. In addition, you should send a rupts will be given until after the next character has been 
ich | a | Reset Tx Interrupt Pending command. This placed in the transmit buffer. 
command prevents further transmitter inter- 
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Assembler . 


Code 
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To take these examples further, let us use 


' -Z80 Assembler code to implement the routines 
for a single channel. We assume that the loca- 
tion stored in register WR2 points to the - 
appropriate interrupt service routine. We also > 


assume that the following constants have 


already been defined: 


SlOctrl. The address of the SIO’s Channel B 


-control port (we assume Channel B in order to 


include code to initialize the interrupt vector). 


INIT: LD 
LD 


LD 
OUT. 
LD 


LD 
OUT 
LD 


LD 
OUT 
LD 


LD 


LD 


LD 
OUT 
LD 
OUT 


RET 


C,51]Octrl 


A,0001 1000B 
(C) ,A 


A,00010100B 
(C) A 


A,11001101B - 


(C).A 


A,00010011B 
(C),A . 
A,11100001B 
(C) ,A 


A,00010101B 
(C) A 
A,11101010B 


(C) A 
A,00010010B 


(C) A 
A,11100000B 


(C) A 


A,00010001B 
(C) A 
A,00010111B 
(C) A 


Now let us look first at some sample codes 
for the Special Receive Condition interrupt 


PUSH 
LD 
OUT 


IN 
LD 


LD 


SlOspecint: 


IN 


_routine, following the example above. 


AF 


A,00000001B 
(SlOctr]) ,A. 
A,(SlOctrl) . 
{X) A 


A,00110000B 


(SlOctrl) ,A 
A,(SlOdata) 


AF 


write to register WRO pointing it to register WR5 


_§IOdata. The address of the SIO‘s Coepnele Bs 


data port. 


X. An address pointing to eles in memory - 
that will be used to store various values. = =~ 


_ We will write data as binary constants; the 
“B” suffix indicates this. In most cases, binary 
constants will be referred to by the command 
names. We begin with the initialization 
routine: 


j 


:place the address of the S1O tn the C register for 
} use in subsequent output 

“soad Channel Reset command in A register 

sgive Channel Reset command | 


‘swrite to register WRO pointing it to register WR4 


;output basic 1/O parameters to WR4 


write to register WRO pointing it to register WR3 


soutput receive parameters to WR3 - 


zy 


;output transmit parameters to WRS5 


write to register WRO pointing it to register WR2 
; (Channel B only) 


;output the interrupt vector to WR2; in this case it is « 
; decimal location 224 


rwrite to register WRO pointing it to register WRI 


‘output interrupt parameters to WR] 


sreturn from initialization routine 


This is followed by a simple receive interrupt’ 
routine that will fetch the character received 
and store it in a temporary location. 


isave registers which will be used in this routine 
write to register WRO pointing it to register RR} 
fetch register RR] 

;store result for later error analysis | 


-send an Error Reset command to reset device 
; latches 


fetch the character received—we will discard this 
; character since an error occurred during its 
; reception 


:restore saved registers 


_jenable interrupts 


-return from interrupt 





Q: If the CPU does not have the return from 
interrupt sequence (RETI instruction on the 
Z80 CPU), how may the SIO be informed of 
the completion of interrupt handling? 

A: This may be done by writing the Return 


From Interrupt command (binary, eens 


to WRO in Channel A of the SIO. 


Q. If the CPU can be interrupted but cannot 


be used with vectored interrupts, how 
should processing be done? 


A: Immediately after being interrupted, pro- 


ceed in a manner similar to polling the SIO. 


for both receive and transmit. Alternatively, — 


the Status Affects Vector bit (bit 2 in 
register WR1)} may be set and a O byte ~ 
placed into the interrupt vector (register ' 
WR2 in Channel B). Then, the contents of 
the interrupt vector can be used to deter- 
mine the cause of the interrupt and the 
channel on which the interrupt occurred. 
This can be queried by reading register RR] 
of Channel B. Also, M1 should be tied High 
and no equivalent to an interrupt acknowl- 
edge should be issued. 


Q: How can the Wait/Ready (W/RDY) signal. 
be used by the CPU in asynchronous I/O? 


A: The W/RDY signal is most commonly used 


in Block Transfer Mode with a DMA, and 
this use is described in the Z80 DMA 
Technical Manual. However, W/RDY may 


be directly connected to the Z80 CPU WAIT 


line in order to,use the block J/O instruc- 


tions OTDR, OTIR, INDR, and INIR. In this _ 
case, the SIO can be used for block transfer 


reception. To do this, the SIO is configured 
to interrupt on the first character received 

only (by settings bits 4 and 3 of register __ 
WR} to 01) and additional characters are | 


sensed using the W/RDY line. The block I/O ; 


instructions decrement a byte counter to 
determine when I/O is complete. 


~Q: Can the SYNC | pin have any use in asyn-’ 
chronous I/O? 

A: It may be used asa SanGiek ~purpose 
input. For example, by connecting it to a. 
modem ring indicator, the status of that ring 
indicator can be monitored by the CPU.: 


i 


Q: How can the SIO be used to transmit 
characters containing fewer than 5 bits? | 

A: First, set bits 6 and 5 in register WRS5 to 
indicate that five or fewer bits per character 
will be transmitted. The SIO then deter- 
mines the number of bits to actually transmit 
from the data byte itself. The data byte 
should consist of zero or more ls, three Os, 
and the data to be transmitted. Thus, begin- 


- ning the data byte with 1111000] will cause 


only the last bit to be transmitted: - 


Contents of data byte 

(d=arbitrary value) 

Ds Dg D3 D2 Di Do 
1} 1 0 09 0 d 
1 1 0 0 did 
1) O O ddd 
0 #0 d ddsea4 
0 0 0 d ddd 


*The rightmost number of bita Indicated will be transmitted. 


‘D7 Dg 
1 
] 
] 
1 


Q: Cana Break sequence be sent for a fixed 
number of character periods? 


A: Yes. Break is continuously transmitted as 


logic 0 by setting bit 4 of register WR5. You 
can then send characters to the transmitter 
as long as the Break level is desired to per- 
sist. A Break signal, rather than the char- 
acters sent, will actually be transmitted, but 
each bit of each character sent will be 

. clocked as if it were transmitted. The All 
- Sent bit, bit O of register RR1, is set to] 

- when the last bit of a character is clocked 
for transmission, and this may be used to 
_ determine when to reset bit 4 of register 
WRS and stop the Break signal. 


Q: Ifa Break sequence is initiated by setting 
bit 4 of register WR5, will any character 
in the process of being transmitted be. . 
_ completed? | 
A: No. Break is effective immediately when 
bit 4 of WRS is set. The “all sent” bit in 
register RR] should be monitored to deter- 
_ mine when it is ce to initiate a Break 
' sequence, 
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A Longer Example. | z 
In this section, we give a longer example of 


asynchronous interrupt-driven full-duplex /O 


using the SIO. The code for this example is 
contained in Appendix A, and the basic 
routines are flow charted in Figures 7-12. 

The example includes code for initialization 
of the SIO, initialization of a receive buffer 
interrupt routine, and a transfer routine which | 
causes a buffer of up to 80 characters of infor- 


_ mation to be transmitted on Channel A and a. 


buffer of up to 80 characters of information to 
be received from Channel A. The transfer a 


_ routine stops when either all data is received 


or an error occurs. Completion of an operation 
on a buffer for both receive and transmit is 


_ indicated by a carriage return character. 


Additional routines (not included in this exam- 
ple) would be needed to call the initialization 


‘code and initiate the transfer routine. There- 


fore, we do not present a complete example; - 
that would only be possible when all details of 
a particular communication environment and 
operating system were known. 

The code begins by defining the value of the 
SIO control and data channels, followed by 
location definitions for the interrupt vector. 
There is then a series of constant definitions of 
the various fields in each register of the SIO, 
This is followed by a table-driven SIO initiali- 
zation routine called “SIO_ init,” shown in 
Figure 7, which uses the table beginning at 
the location “SIOlItable.” The SIO__Init routine 
initializes the SIO with exactly the same 


SET TRANSMIT SUFFER POINTER TO SEGINNING 
OF TRANSMIT BUFFER, SET RECEIVE BUFFER 
POINTER TO BEGINNING OF RECEIVE 
BUFFER. SET RECEIVE BUFFER COUNTER, 
TRANSMIT STATUS WORD, AND RECEIVE 
STATUS WORD TO ZERO. 


TRANSMISSION 
ERROR 
? 


RECEPTION 
COMPLETE OR 
OVERRUN 

? a 


RECEPTION 
ERROR 
? 


AETURN 


Figure 8. Interrupt-Driven 
Transmit Routine 


LOAD | REGISTER WITH 
HIGH BYTE OF INTERRUPT. 
TABLE ADDRESS. 


LOAD A MEMORY LOCATION 
WITH LOW BYTE OF 
INTERAUPT-TABLE AODAESS, 


LOAD HL REGISTER WITH 
BEGINNING ADDRESS OF 
SIO INITIALIZATION TABLE. 


MOVE DATA WORD FROM 
INITIALIZATION TABLE TO 
A REGISTER; INCREMENT HL. 


END OF 
INITIALIZATION 
TABLE 


OUTPUT DATA WOAD To 
CONTAOL PORT OF BOTH 
SIO CHANNELS. 


é 


Figure 7. Interrupt-Driven 
Initialization Routine 


GET NEXT CHARACTER, 
TRANSMIT, AND INCREMENT 
TRANSMIT BUFFER POINTER 


WAS ITA 
CARAIAGE RETURN 
? 


TUAN OFF 
TRANSMITTER 
INTERRUPTS 


RETURN FAOM INTERRUPT 


Figure 9, Transmitter Buffer 
Empty Interrupt Routine 


26-0003-0346 26-0003-0347 26-0003-0448 





| A Longer 


a, 
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parameters as the interrupt-driven example in 
Example the previous section. The table-driven version 
(Continued) 
coding this material. 

A short routine for filling the receive buffer 
with “FF” (hex) characters and buffer defini- 
tions follows the SIO__Init routine. This in turn. 
is followed by the transfer routine, Figure 8, 
which begins transmitting on Channel A; 
transmission and reception is thereafter 
directed by the interrupt routines. After the 
transfer routine begins output, it checks for 
various error conditions and loops until there 
is either completion or an error. — 

Then the four interrupt routines follow: 
TxBEmpty, Figure 9, is called on a transmit 
buffer interrupt; it begins transmission of the 
next character in the buffer. A carriage return 
stops transmission. RecvChar, Figure 10, is 
called on a normal receive interrupt; it places 
the received character in the buffer if the buf- 
fer is not full and updates receive counters. 
The routines SpRecvChar, Figure 11, and 
ExtStatus, Figure 12, are error interrupts; they 
update information to indicate the nature of 
the error. 5 

The code of this example can be used in a 
situation where data is being sent to a device 
which echoes the data sent. In such a case, the 
transmit and receive buffers could be com- 
pared upon completion for line or transmission 
errors. 


SAVE REGISTERS 


STORE CONTENTS OF 
AR1 IN RECEIVE 
STATUS WORD. 


; RESET ERAORA LATCHES 
IN SIO, 
FETCH AND DISCARD 
CHARACTER. 
RESTORE SAVED REGISTERS 


RETURN FROM INTERAUPT ' . 


Figure I1. Special Receive Condition - 
Interrupt Routine 


26-0003-0349 26-0003-0350 26-0003-035! 


is presented simply as an alternative means of | 


SAVE REGISTERS 


FETCH CHARACTER ANO 
PUT IN B REGISTER 


INCREMENT RECEIVE BUFFER 
COUNTER AND RECEIVE BUFFER 
POINTE. STORE 8 REGISTER 
CONTENTS WHERE RECEIVE 
BUFFER POINTS TO. 


SET RECEIVE 
STATUS WORD 


tO 
“OVERFLOW 


SET RECEIVE ; WAS 
STATUS WORD CHARACTER A 
TO CARRIAGE RETURN 
“COMPLETE” ? 


RESTORE SAVED REGISTERS 


RETUAN FROM INTERRUPT 


Figure 10. Receive Character 
Interrupt Routine 


STORE CONTENTS OF RAO 
IN THE TRANSMIT 
STATUS WORD. 


SEND THE RESET 
’  EXTERNAUSTATUS 
INTERRUPTS COMMAND. 


RESTORE SAVED REGISTERS 


RETUAN FROM INTERRUPT 


4 


ae) 


ugk: nae te aR 4 
uaigiattieeetadl fe Ret 
Vogtnion ote ee 


Figure 12. External/Status 
Interrupt Routine 
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Appendix A 
Interrupt-Driven Code Example a 
WR3Commands = st — 
Nie BS: EQU » ee ;Receive 5 bits/character ~-- 
$10: | EQU = 40H He oe RENABL: EQU | bs ;Receiver enable 
es “ - ENRCVR: EQU "Receiver enable | 
Oicd Fou woe 3 | — SCLINH: = EQU — | Syne character load inhibit 
SIOBData: EQU’ SIO+3 Bs 3 ADSRCH: EQU _ ' ; Address search mode 7 
SIOBCtrl:. EQU SlO+4 : | RCRCEN: .EQU ve ;Receive CRC enable 
HUNT: = EQU " . «Enter hunt mode 
oa AUTOEN: . EQU | | ; Auto enables 


| _B?: EQU | ;Receive 7 bits/character 
Epis ot len uys verter Be: EQU — ;Receive 6 bits/character 


The table (Int..Tab) starts at the lowest nada vector, which Ba: EQU - | “ae | ;Receive 8 bits/character 
‘should be dddd000d. | : a 
eee | _ WR4 Commands 


ORG  0DOH . et address with low SYNC: EQU: 00H . _;Syne modes enable 
. ; byte = 11010000 NOPRTY: EQU - ;Disable parity 

DEFW TxBEmpty ;interrupt types for Channel B : EQU _  1Odd parity 

DEFW. ani is ick : : EQU a ;8 bit syne character 

DEFW RxChar = ; : EQU . . 7X] clock mode 

DEFW = SpRxCond a ; 8 : aa : _ oe ony 

: ;Eve ; 

DEFW' TxBEmpty ;interrupt types for Channel A : -EQU “J ies Ria a 

DEFW ExtStat | : EQU . :] and a half stop bite/character. ~ 
_ DEFW  RxChar es : ~ EQU + 42 stop bits/character 

DEFW = SpRxCond - : EQU ee 716 bit syne character. 
7 . | EQU :SDLC mode ; 

U -  SExt 

Command Identifiers and Values ae: ate a perp eae glia 


: : 3X3 
_ Includes all control bytes lor asynchronous and synchronous I/O. ‘ - ay = ‘ heme a sae 


SIO Port Identifiers and System Address Bus Addresses 


\ 


WHO Commands ' WRS Commands fete 

RO: ‘EQUsOO0H ;S10 register pointers TS: EQU . 00H iTransmit 5 bits/character 

Rl: EQU 01H _ XCRCEN: EQU 01H ;Transmit CRC enable 

R2: EQU 02H RTS: EQU 02H ; ;Request to send 

R3: EQU 03H © | bh SELCRC: EQU 04H Select CRC-16 polynomtal 

R4: EQU  =-O4H | | _ XENABL: “EQU . 08H Transmitter enable 
EQU8 OSH : . BREAK: EQU 10H | ;Send break \ 
EQU 06H . ; ae . T?: EQU 20H ;Transmit 7 bits/character , 
EQU WH . . " T6: ~ EQU 40H iTransmit 6 bits/character 
EQU -—s00H ‘Null Code. : | T8: - EQU 60H. | =; Transmit 8 bits/character 


EQU 08H ‘Send Abort (SDLC) DTR: — EQU 80H = ;Data terminal ready 
EQU -=s10H ;Reset Ext/Stat Int : . : : 

EQU: 18H ;Channel Reset ; —_ Initialization 

EQU =. 20H ;Enable Int On Next Rx Char .  §lO Init: LD HL, IntTab 

EQU 28H Reset Tx Int Pending LD AH | 

EQU ~° 30H ;Error Reset , | ; LD LA 

EQU 38H . {Return From Int LD. ~=6d AL : 

EQU ss 40H ~ sReset Rx CRC Checker - Lp (L-.Loc),A 

EQU 80H ;Reset Tx CRC Generator: __ Lp HL, SlOltable 

BOY CA) anere on os rae hi. ~AAHL) | sloop for initialization 


= INC HL 
WRI Commands CP —60 


WAIT: EQU ; Wait function RET Z a 
DRCVRI: EQU ‘Disable Receive interrupts OUT = SIOACH) A 
EXTIE: EQU ;External interrupt enable OUT (SIOBCtrl),A 
XMTRIE: EQU. ‘Transmit interrupt enable . , FR Init_Loop 8 
SAVECT: EQU. Status affects vector SiOltable: DEFB CR. ‘stable for initialization 
FIRSTC: EQU ;Rx interrupt on first character DEFB  R4 + RESI 
PAVECT: EQU iRx interrupt on all characters . DEFB. C64 + ODD + PARITY + S2 __ 
; (parity affects vector) DEFB R3+RESi 

PDAVCT: EQU ;Rx interrupt on all characters DEFB -B8 + AUTOEN + ENRCVR 

. ; (parity doesn't affect vector) ; DEFB RS + RES! 
WRONRT: EQU ; Wait/Ready on receive DEFB DTR + RTS + T8 + XENABL 

. RDY: EQU “Ready function DEFB- R2 + RESI ; 
WRDYEN: EQU ;Wait/Ready enable Loe: DEFS l slacation of int table 

DEFB Ri + RES! — ;:address 

WR2 Commands : DEFB EXTIE + XMTRIE + SAVECT + PAVECT 
Tye: EQU DEFB 0 





- Recelver Buffer Initialization Receive Character Routine (see F igure 10) . 


Buf_Init: LD A,BufLength ;fill receiver buffer  RxChar: PUSH AF 
LD BLA ; with FF characters BC 
LD HL,RBuffer _; to detect errors , | : 
: ' A,SIOAData 
; | LD A,OFFH - | | CA ‘. 
iracter be LD __sC (HL), A a loop for Buf. Init — A,(C) :get character 
. ’ INC HL . . BA ; 
. 2 DINZ Bul__| . A,(RBufCtr) 
ad inhibit RET | ‘ — BufLength 
ee: | BufLength: EQU a0 ";buffer length a 3 | * Over 8 
ae ' XBuffer: DEFS  BufLength _;Tx buffer starting location A _ jbump counter 
RBuffer: DEFS BufLength ;Rx buffer starting location a - (RBufCtr),A 
Se ; ) “ | AB 
racter ne XBufPtr: DEFS ; 2 ;Tx pointer . id , 
sacle eg _ RBufPtr: DEFS 2: ' Rx pointer noe ‘bump pointer 
racter ‘ " RBufCtr; DEFS ] :Rx counter : HL ‘ 
a (RBufPtr), HL 
Transmit Routine (see Figure 8) . - RxExit 
Initiates transmission of a buffer-full of data and terminates when . ; 
.  4n error is detected or a complete buffer has been received. : ; A.Complete 
. RxStat: DEFS I ;Receive Status Word ai 
TxStat: DEFS ] ;Transmit Status Word ar ; 
/Overfiow — s indicate error. 
Somes BO neat 
ts/character - "BOM: EQU 80H . POP AF 
J . ~ Overflow: EQU OF FH El ° 
r. | RETI 


Transfer: LD HL,XBuffer —;setup to begin Tx 


iS | a Ptr), HL ; Special Receive Condition Routine (see F guns 1}) 


LD: HL, RBuffer . SpRxCond: PUSH AF 

LD (RBufPtr),HL PUSH BC - 
XOR A : LD 

LD (RBufCtr),A io ie 


LD (TxStat),A LD 7 
LD (RxStat),A | ; ne s i get BRI 


LD . A,SIOAData ;start Tx task OUT = (C),A 

LD CA . IN AAC) 

LD HL,(XBuffer) ; first character . LD (RxStat),A save status 
LD A,(HL) a. Gg LD : A,ER ;Reset Errors 


OUT (C),A 7 : pee 
LD —s A(T xSiat) iawalt Tx completion or error. ee ae 
0 


ao NZ | . IN AAC) - iget ‘character 
LD A,(RxStat) POP BC 

CP Overflow POP AF 

RET Zz. EI | 
CP Complete ; RETI i = 
RET Zz . ee, 7 

JR NZ,Tloop -External/Status Routine (see F igure ]2) 


RET . ExtStatus: PUSH AF 


Transmitter Butter Empty Routine (see F igure 9) PUSH BC 
TxBEmpty PUSH AF. . . S os | 
PUSH HL os IN A.C) get RRO 
| LD (TxStat),A 
LD HL,(XBufPtr) LD A,RESI ;Reset Ext Stat Int 
LD A, SlOAData OUT (C),A 
= ren POP BC 
ou ae POP = AF 
OUT] = 
a . 3 : RET! 
JR NZ, TxBExit — ; last character? 


LD A,RTIP Reset Tx Int Pending 
INC Cc 
OUT (C),A _ ;to control port 


TxBExit: LD (XBufPtr),HL  :save pointer 
POP HL . 
POP BC 
| POP AF 
EI 
RETI 


” 


t 





s 


Aix CHARACTER AVAILABLE 
INT PENDING (CH. A ONLY) 


Ta BUFFER EMPTY 


aco 
*Used With “ExternalStatus 


Tx UNDERRUNJEOM 
interrupt’ Mode 


SYNCIHUNT 
CTS 
BREAK/ABORT 


Es 
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*Residue Data For Eight 


eVveqgcrae wo 


BYTE 


| FIELD BITS IN 
Ax BitsCharaciar Programmed 


IN PREVIOUS SECOND PREVIOUS 


- 
Fe 
- £ «tS 
a = onca 
< a cr 
o Fesooeos ss cer teadl 
el cw 
ae” Sze 
ing «528 
~~ Bezu 
wie 
iw Me 
Pocerters+sd E>uG 
c°S5a 


Sa ee Do Ee Coe CF | 


Read Register Bit Functions 





READ REGISTER 0 
[Dr] Be] Da {Oe} Ds {D2 | Os | Os | 
READ REGISTER It 
[7] Os} Oe] 04 [Ds 10; 10, [| 





INTERRUPT 
VECTOR 


Vit 
V2t 
V3t 
v5 
v6 
V7 


qUsed With Special Receive Condition Mode 
L___ vp 
562 


tVeriable Ht Status Affects: 
Vector’ is Programmed 


: 
: 





Appendix Cc 


Write Register Bit Functions 


WRITE REGISTER 0 WRITE REGISTER 4 


| Leary ENAS 
REGISTER 0 PARITY EVEN/OO 


| 
Q 
t REGISTER 1 : 

0 REGISTER 2 

1 REGISTER $ ; SYNC MODES ENABLE 

Q REGISTER 4 1 STOP BITICHARACTER 

1 REGISTER 6 ; 1% STOP BITSICHARACTER 
Q REGISTER 6 2 STOP BITA/CHARACTER 

1 


REGISTER 7 


=~=290000 — 
~==GO“~2600 — 


8 BIT SYNC CHARACTER 

NULL CODE té BIT SYNC CHARACTER 
SEND ABOAT (SDLC} SOLC MODE (01141119 FLAG) 
RESET EXT/STATUS INTERRUPTS EXTERNAL SYNC MODE 
CHANNEL RESET~ 
ENABLE INT ON NEXT Ax CHARACTER : X1 CLOCK MODE . 
RESET TxtNT PENDING Xté CLOCK MODE 
EAAOR RESET X32 CLOCK MODE 

1 RETURN FROM INT (CH-A ONLY) X04 CLOCK MODE 


NULL CODE 

RESET Rx CAC CHECKER 

RESET Tx CRC GENERATOR 
RESET Tx UNDERRUN/EOM LATCH 


WRITE REGISTER 1 | WRITE REGISTER 5 


CICACACACICIGACA [57] Oa} 04 [0.105 [031 0, [05] 
| | Lexy INT ENABLE : | | Lo CAC ENABLE 
Tx INT ENABLE aT ‘ 
STATUS aoe VECTOR SOLCICRC-16 


(CH. B ONLY) SO . Tx ENABLE 
SEND BREAK 


0 Rx INT DISABLE 
t Aa INT ON FIAST CHARACTER Tx § SITS (OR LESSYCHARACTER 
0 INT ON ALL Rx CHARACTERS (PARITY AFFECTS VECT: OR} }« Tx 7 BITS/CHARACTER 
1 INT ON ALL Aa CHARACTERS (PARITY DOES NOT AFFECT Tx 6 BITSICHARACTER 
VECTOR} Ta 8 BITSICHARACTER 


WAITIREADY ON FUT “Or On 
{READY FUNCTION Special 
WAITIREADY ENABLE Conditlon 


_WRITE REGISTER 2 (CHANNEL B ONLY) WRITE REGISTER 6 


| on - SYNC BIT 0 
SYNC BIT+ |. 

SYNC BIT 2 
INTERRUPT SYNC BITS \. 

VECTOR BYNG BIT 4 

. SYNC BIT 8 

SYNC BIT 6 

SYNC BIT? 


“Also SDLC Address Fret 


eal taht cacoitaleog i 


WRITE REGISTER 3 WRITE REGISTER 7 


| | Lia gs ENABLE ‘ ¥ 
SYNC CHARACTER LOAD INHIBIT Syne ars 
ADDAESS SEARCH MODE (SOLC) SYNC BIT 10 
Ax CRC ENABLE SYNC BIT tt 
ENTER HUNT PHASE SYNC BIT 12 


AUTO ENABLES ; ° SYNC BIT 13 


SYNC BIT t4 
SYNC BIT 16 


Aria aes 
oot A ol aoe 


poate ents 
ine se oS 


1 Saaremaa fire Gon Sh Sithinctd Seneconaiiy Sevtanine WibsieSane, mets 


Aa 6 BITSICHARACTER 


Ax 7 BITS/CHARACTEA *Far SOLC It Mus! Be Programmed 


Ax 8 BITSICHARACTER ¥9 ve 
Rx 8 BITS/CHARACTER to "O11 1910" For Flag Aecognitran 
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INTRODUCT 10N 


This application brief describes the use of 
the Z80 SIO with the Increasingly popular 
Synchronous Data Link Control (SDLC) com 
munications protocol. A general description 
of the SDLC protocol and [Implementation of 
the protocol using the SIO are discussed, 
Descriptions for transmit and recelve opera- 
tions sre given for use with simple contol 
frame sequences. 


Data communication today requires a communs~ 
catlon protocol that can transfer data 
quickly and rellably. One such protocol, 
Synchronous Data Link Control (SOLC), Is the 
lInk control used by the IBM Systems Network 


- Architecture (SNA) communication package. 


SOLC Is actually a subset of the Interna~- 
tional Standards Organization (150) IInk 
contro! called High Level Data Link Control 
(HDLC), which Is used for International data 
communication. 


SDLC Is a Blt-Orlented Protocol! (BOP). It 


| differs from Byte-Control Protocels (BCPs),. 


such as blisync, In having a few bit patterns 
for control functions Instead of several 
special character sequences. The attributes 
of the SDLC protocol are position dependent 


rather than character dependent, so control | 
is determined by the location of the byte as. 


well as by the bit pattern. 


A character In SDOLC Is sent as an octet, a 


group of elght bits. Several octets combine 
to form a message frame in such a way that 


“each octet betongs to a particular fleld. 


Each message frame consists of an opening 
flag, address, control, Information, Frame 
Check Sequence (FCS), and clasing flag 
flelds. The flag fleltd contains a unique 
binary pattern, OLTTII10, which Indicates the 
beginning and end of a message frame. This 
pattern simpliffes the hardware Interface I[n 
recelving devices so that multiple devices 
connected to a common IInk do not conflict 
with one another, The receiving devices 
respond only after.a valid flag character has 
been detected. Once communication Is esta- 


Using the Z80 SIO With SDLC 


Application Brief 


The reader should be famlilar with hardware 


aspects of the S10 such as Interfacing to the - 


CPU and a modem. A more detalled description 


of the SOLC protocol. Is glven In the (BM 


publication Synchronous Data Link Control . 


- General information (document # GA27-3093~2). 


A description of the Z80 S{O can be found In 
the Zilog Data Book (document # 00-2034-A). 


biished for a particular device, the other 
devices {gnore the message unt!| the next 
flag character Is detected, 


The address fleld contalns one or more octets 


that are used to select a particular station | 
on the data fink. An address of all Is [8 a 


global address code that setects al! the 


devices on the !ink. When a primary station 


sends a frame, the address fleid Is used to 
select a secondary statlon. When a secondary 
station sends a message to the primary sta- 
tlon, the address fleltd contains the secon- 
dary station address, |.e., the source of the 
message. -_ me 


The control fletd follows the address fleld: 


and contains Information about the type of 


frame being sent. The contro! fleid consists | 
of one octet and Is always present. 


t 


The Information fleld consists of zero or 
more 8=bit octets and contalns any actual 
data transferred. 
limitations of the error-checking algor (thm 


used In the frame-check sequence, maximum 


recommended block size Is approximately 4096 
octets. 


The Frame Check Sequence (FCS) follows the 


Information field or the control fleld, de- 
pending on the type of message frame sent. 
The FCS Is a 16-bit Cycifc Redundancy Code 
(CRC) of the bits tn the address, control, 


and Information flelds, The FCS Is based on : 


the CRC-CCITT code, which uses the polynomtal 
(x'64x 124x541), The Z80 S10 contains the 
circultry necessary to generate and check the 
FCS fleld. 


a A a a 


However, because of. the | 
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This application note refers to products as Z80 "A", "B" atc. to spacifly the speed grade. We are no longer | 
using those characters for the speeds. For more details, please refer to the ordering information section. 
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Zero Insertion/deletion Is a. feature of SDLC 
that allows any data pattern to be sent. Zero 
; Insertlon occurs when five consecutive ts In 
ee the data pattern are transmitted. After the 
io | fifth 1, a 0 Is Inserted before the next bit 
_ Is sent. The data Is not affected In any way 
except that there {fs an extra 0 In the data 
stream. The recelver counts the Is‘and de-~ 
letes the 0 following the five consecutive 
Is, thus restoring the original data pattern. 
Zero Insertion and deletion Is necessary 
because of the hardware constralnt of search- 
Ing for a flag character or abort sequence. 
Stix ts preceded and foilowed by a 0 indicate 
a flag character. Seven to 14 Is signify an 
_ abort, while an [dle IlIne (Inactive) Is 
Indicated by [5 or more Is. Under these 
three conditions, -zero Insertlon/deletion Is 
Inhibited. Figure 2 Illustrates the various 
Ifne conditions. . 
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Flag Address Control 


Address = 10110000 
Control = O1flitit 
a) Zero Insertion 
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Abort Condition 
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Idle 
idle Condition 
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Figure 2. BIt Patterns for 
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Zero Insertlon/Deletion and CRC Accumulation 


8=bIt character|8=—bit character|8=bIt characters |CRC-CCITT 


rc meng NN A TI a RE RSE NERS A RE SS EE ST A TEE TT DS DT TT RA EE 


SDLC protocol differs from other synchronous | 
protocols with respect to frame timing. In 
bIsync, for example, a host computer might 
Interrupt transmisston temporartly by sending 
sync characters Instead of data. This sus- 
pended condition could continue as long as 
the receiver does not time out. With SDLC, 
however, [t Is [Illegal to send flags In the 
middle of a frame to Idle the IInes Such an 
occurrence causes an error cond{tlon and 
disrupts orderly operation. Therefore, the 
transmitting. device must send a comp{ete 
frame without Interruption. If a message 
cannot be completed, . the primary statlon 


‘sends an abort and resumes message trans- 


misslon later. These conditions are discussed 
later In the Programming section of thls 
brief. 


Zero or more 


Flag 
(End of 

" message 
frame) 


Informat fon — FCS 


Figure I. A Typical SOLC Message Frame Format 
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Once the S10 Is Initlallzed and the trans= 





PROGRAMM I NG implementation of the SDLC protocof with the ti 
THE S10 Z80 S10 Is simplifled by the design of the mitter Is enabled, it sends fiag characters . 
S10. This section discusses four areas of continuously unt!l a message begins trans~ 
SiO programming: Initlallzation, transmit mlsston. These flag characters conslIst of 
' | - operation, recelve operation, and excenrlon the full 86-bit pattern. Although the $10 can 
condition processing. recelve flag characters with shared 0s 
COTTTPTIOTTITITOTTEITIO...), It can onty 
papa hee ton eet neertye baci mode of transmit flag characters without shared Os oe ge ee 
operation for the SIO. Table I shows the COLTILTIOOLTIITIOOT IIIT IOsee)s | aon ae 
sequence of steps used to Initlallze the SI0,. . aS 
along with the necessary parameters, Since . | . : ‘ 
vectored Interrupts are used, the SIO Is pro- , reed 
grammed with the status affects vector (SAY) Hable le S10 Sat tle lizerlen-sequence | | haa 
: ; ay ee ee oe 
bit (WRI, bit 2) set. me Seaieters pete peice eer 
Other function bits that can be Included are : ie AnD 
the external Interrupt enable bit (WRI, bit «0 0001 1000 Channel reset 
0), which results In an Interrupt for each 2 (Vector) Interrupt vector “sth 
DCD or CTS change, Ty underrun or abort lower elght bits bog ei 
change; address search bit (WR3, bIt 2), . “(channel B only) me RpEnd} 
; which when set, prevents the SIO from res- 4 00100000 =: SDLC_-mode meaty 
=o ponding to data received unless the address i QOOTITN Interrupt control oheTte 
byte matches the contents of WR6 or the «6 (Address) . Ry address field ae 
global (FFH) address; auto enable bit (WR3, 7 O1ltttto Flag fleid pose 
bit 5), which causes the Inactive CTS level -) TTTOTOtt Ty character length, |. ae 
to disable the transmitter and the Inactive ee | . enable, CRC enable OH 
DCD level to disable the recelver; and OTR . ar ‘RTS and OTR ei 
(WR5, bIt 7) and RTS (WR5, bIt 1), which can 3 11001001 Ry character length, | matt 
be used to control a modem or other such. | énable, and CRC bah 


device. enable 





a a 

TRANSMIT After the S10 has been Initlallzed and > tlon, sending a character to the S10, and re~ toe il 

OPERATION enabled, it can begin sending SDLC frames by setting the Ty underrun/EOM tatch In the S10. sah 
software activation of the transmitter. Figure 3 shows the sequence for transmitting : 
Activating the transmitter Includes resetting a typical control message frame using Inter~ 


the transmitter Inactive semaphore (a program rupts. | eae 
Indicator), resetting the Ty CRC accumula~ |. - | ——- ey 
SOLC Ty 


Control Message Frame 





XXXXXXOLEEET TO. 
Activate Ty TRE* ‘TBE Esct TBE <q interrupt 


CondItioan 


Control 


c _ Check error conditions; 
to Si0 


Update semaphores 


t 


Reset T,CRC | Set MC semaphore | (no data to S10), 
Address to S10, (no data to Si0), Start response tl{mer, 
Reset Ty Reset TBE pending Reset TBE pending, 


Underrun/EOM latch Set Ty Inactive 


Reset MC semaphore 


* - Transmit Buffer Empty 
+ = External/Status Change - 


Figure 3. A Typical Transmit Control Frame Sequence 
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When: the SIO Is loaded with the first data 


character (address byte), It stores the 
character In the Ty buffer until the current 
flag character has completed shifting. 
the address byte Is transferred Into the 


| shift register, a Transmit Buffer Empty (TBE) 


RECEIVE | 
. OPERATION 
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_ Interrupt occurs. 


' processing.s 


- detect, or a software. command. 
the S10 searches for flag characters, and 
when (t detects a flag, the S10 generates an 


sent to the S10), but a Reset Ty Interrupt 
Pending command I's Issued to the S10 to clear 
the TBE Interrupt condition. Also, the pro- 
gram Message completed (MC) semaphore Is set 
so that appropriate action can be taken when 
the next TBE Interrupt occurs. 


When the last data character (the control 
byte) thas been shifted out of the SI0, the Ty 
underrun/EOM latch Is set because the SI0 


buffer was not loaded with a character on the 


previous TBE Interrupt. As a result, an 
External/ Status Change (ESC) Interrupt 
occurs and the SIO begins transmitting the 
FCS bytes automatically. In the ESC Inter- 


The SOLC recelve sequence Is siightly less 
complex than the transmit sequence. To begin, 
the S10 enters Hunt mode when any of threes 
conditlons occurs: recelve enable, abort 


ESC Interrupt. This Interrupt can be used to 
signal tIne activation or the end of an abort 
condition, depending upon the previous re- 
calve condition. For example, when the ${0 
has been [nittalized, the recelve circultry 


After . 


The program then loads the 
control character Into the SIO and continues 
The next .TBE Interrupt Is Ig-_ 
' nored by the program (and no further data Is 


_In Hunt mode — 


rupt service. routine, the program checks for 
other condition changes Including CTS, OCD, 
and abort, and passes the status on to the 
program at the next-higher level. 


After the FCS bytes have been shifted out, © 


the S10 generates a TBE Interrupt to Indicate - 


that a flag character Is belng transmitted. . 


The TBE Interrupt service routine Interprets -- 
the MC semaphore and determines that the 
frame has completed transmission. The pro~ 
gram then clears the MC semaphore, sets the . 
Transmitter Inactive semaphore, starts a: 
timer for a response from the recelving de- 


vice, and clears the TBE Interrupt cond! tion. 


At this polnt, transmission of an SOLC mes- 
sage frame Is compete and another message 
frame may be sent. : 


(f the transm! tter Is to - turned off, the. 
program must allow at least a two-character 
time delay before disabling the transmitter, 
This can be accomp!{shed by connecting the 
S10 Ty clock Ilne to the Input of a counter 
and having the counter [Interrupt the CPU when - 


_the bit count explres. 


Is enabled and Immediately begins searchIng > 
for flag characters (Hunt mode operation). 

When the first flag is detected, the S10 
exits from Hunt mode, which results In an ESC. 
Interrupt, and the SiO begins searching for: 
the address fleld. If the SIO Is programmed: 
for Address Search mode and an address Is_ 
recelved that does not match the programmed 

address byte In the S10, the SIO does nothing. 
unti! the next flag Is found, after which the 
S10 again searches for an address match. : 


SDLC_RX 


control message frame 


ee ItII10 


Store data Store 
. (If desired) data 


Continuous 
flags 


NOTES 


Store Set semaphores 
data 


[iares [envi [oer [aoa | oni 


—Interrupt 
Condi tton 


sRCttT = RCA 


2 
4 


(tf character 

Is not discarded 

by SRC routine, | 
this RCA Interrupt | 
occurs.) 


Check errors; 
Error Reset;: 
Olscard 
Character* | 


* The SRC routine normally reads the data character to clear the 
S10 buffer. This should be done after the program Issues an Error 


Reset command, 


+RCA = Recelve Character Avallable 


ttsro = Speclal Recelve Condition (higher priority than RCA) 


Figure 4, 


A Typical Recelve Control Frame Sequence 


568 





hecks for 


CTS, OCD, . 


on to the 


fted out, 
o Indicate 
nsmitted. 
Interprets 
that the 

The pro- 
sets the 
starts a 
Iving de~ 
condition, 
iDLC mes=- 
” message 


off, the 


haracter 
nsmitter,. 
ting the 
a counter 
CPU when 


se Ing 
r de 
t to 


In an ESC 


ching for: 


ogrammed 
ddress Is 
2grammed 
3 nothing 
vhich the 
tche 
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If the address flefd matches the address byte 


programmed Into the S10, the SIO generates a . 


: . Recelve Character Avaltable (RCA) Interrupt 
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when the address byte Is ready to be trans- 


- ferred from the $10 to the CPU. I the SIO 


Is programmed to Interrupt on all recelve 
characters, If generates an RCA Interrupt for 
each character recelved thereafter. It 
should be noted that the S!0O generates the 
RCA Interrupt when a character reaches the 


top of the recelve FIFO rather than when a. 
character Is transferred from the shift. 


register to the FIFO. This means that If the 
FIFO Is full of data, each character gener- 
ates @ separate RCA Interrupt. This results 


In a@ more consistent software routine that 
does not need to check the recelve FIFO, 
provided there Is enough time between char- 


acter transfers to allow the routine to com- 
plete the processing for each character, 


After the last FCS byte of a frame Is re- 
celved and processed, the SIO generates a 


Special] Recelve Condition (SRC) Interrupt, 


which Is of higher priority than the RCA. 
_ Interrupt. In the SRC service routine, RRI | 
1s read to determine the cause of the Inter- 


rupt and the appropriate program semaphores 
are updated. Normal completion results In no 
FCS or overrun errors and the End-of-Frame 


Wakes 
Clear Ty Inactlve semaphore 
Reset Ty CRC 
Data to SIO 
(Address fleld byte) 
Reset Ty Underrun/EOM latch | 


‘ 


Transmit Buffer Empty (TBE): 
tf (MC cleared) 


If (buffer not empty) 
Data to SIO 

Else, 
Set MC semaphore 
Reset TBE condition 

Else, 

Clear MC 

Set Ty Inactive 

Reset TBE cond! tlon 

Start Response t!mer 


bit Is set. Upon completion of the SRC In- 


terrupt service routine, the program Issues 
an Error Reset command to the SIO and reads 
the data port to discard the recelved data. 
If the data Is not read and discarded, an RCA 
Interrupt occurs. Now, a complete message 


frame and the first FCS byte are In the re=- 


celve buffer. y 


Figure 4 shows the sequence for a typical 
contro! frame recelved by the SIO. [f the 
address fleld byte Is to be discarded, a 
program semapliore should Initlally be set to 
signal this to the RCA routine. After the 


address fleld has been received, the sema-_ 
phore Is cleared and reception continues 
_ formally. Note that upon completion of a | 
frame, an RCA Interrupt Is generated for the | 


first FCS byte and an SRC Interrupt Its gen= 


Se es: for the tast CRC byte, 


Table 2 [Ists the contents of the injacrust 
service routines used with the SIO. The wake 
routine Is not an Interrupt service routine 
but Is a routine called by the program on the 
next higher level to begin frame transmis- 
slon. Once the wake routine Is called, the 
program on the next higher level monitors the 
Ty active semaphore to determine when the 


current frame completes transmission and the . 


next frame transmission can begin. 


_ External/Status Change (ESC): 
Clear DCD, CTS, abort semaphores 


If (abort) 
Set abort semaphore 
Else If (DCD change) 
Set OCD semaphore 
Else If (CTS change) 
Set CTS semaphore 


Recelve Character Avallable (RCA): 
(f (EOF) 
‘Read and discard data 
Else, - 
Store data 


- Special Recelve Condition (SRC): 


Read SIO RRI 
(f (EOF) 
_ Set EOF semaphore 
Else If (CRC error) 
Set Ry CRC error semaphore 
Etse If (Ry overrun) 
Set Ry overrun semaphore 
Issue Error Reset - 
Read data & discard 


Table 2, StO SDLC Interrupt Service Routines 


2-258 | 
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“Most of the exception conditions encountered 


‘In the SDLC protocol] have been discussed In 
the previous sections. They Include abort 
detect and DCD or CTS change. This section 
further describes some of the more unusual 
cond Tons. . 


DCD and CTS Cheneks The program handles DCD . 


and CTS change by updating Its semaphores 
each time an ESC Interrupt occurs, In this 


manner, the program on the next higher level 
monitors the semaphores and determines a 


course of action based on what these sema- 
phores Indicate. 


Abort and Idle Line Detect. Abort and Idle 


IIne detect are a bit more complicated, since > 
* they result In simi far Interrupt operations. 

An abort occurs during 8 valid message frame, 
tf the abort time Is greater than 14 bits, an © 

Idle line Is detected. 


This detection can ba 


abort malogow? 


eM HeseeesOHTITIQO1T T1000. 


+ 4 


done by activating a timer when the ESC In- 


terrupt that signals a marking !Ine occurs. 

‘If another ESC Interrupt occurs before the | 
timer times out, the [Ine Is In an abort ” 
If the timer times out before - 
‘another ESC Interrupt occurs, then the IIne. 


cond! tion. 


Is Idfe and the program can ‘pursue an appro 
priate course of actlon. 


to use a programmable counter that Is tied to 


the recelve clock [Ine to count blts. The - 
counter Is programmed for el ght clock tran-.- 


sitions and-Is started as soon as the SI0 - 


Interrupts the CPU with an abort condItion, | 
Only elght clock transitions need to be | 
' counted because by the time the SIO generates | 
the ESC Interrupt, at feast seven Is have - 
already passed, 
‘Idle line timing and the Interrupts resulting 


Figure 6 shows the abort/ 


from the Ine changes. 
1 


: er 


A possIble mech | 
anism for Implementing the timer function Is - 


counter/t Imer 
expires 


ESC } 
interrupt, 
abort bit set 


ESC Interrupt, hunt bit cleared 
S10 back In sync, — 
tine active. 


4 


if akethae ESC Interrupt occurs withIn 
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. progam that uses the SDLC protocol. 


the abort window and the abort bit Is 
cleared, the program has detected an 


abort. 


Otherwise, when the counter/ | 


timer expires, an Idle Iine has been 


detected. 
Figure 6. 


This brief describes Implementation of the 


SOLC protocol usIng the SIO In an Interrupt-=- 


driven environment. Descriptions for trans- 


mit and recelve operations are given for use 
with simple control frame sequences. For — 


frames that transfer data, the sequences are 
sImi lar except for transmit, where a data 
character {s sent to the S!O for a TBE Ine 
terrupt. For recelve, multiple RCA Inter=- 


Following Is the IIsting of a simple SIO test 
This 
program uses vectored Interrupts to send a 
short SDLC control frame consisting of Ad- 
dress 9EH, Control I9H, and Data 81H. The 
response timer times the response of the 
recelving station after a message has been 


TEST. SDLC 
LOC OBJ CODE M STMT SOURCE STATEMENT 


Abort/Idte Line Cond! tions 


rupts occur for each data byte rece! ved. 


The Z80 SIO enhances system performance by 


minimizing CPU [Intervention during dats 
transfers usIng the SDLC protocol, 
mance can be Improved further by using the 
Z80 DMA with the SIO, resulting In an eff! 
clent system configuration that reduces CPU. 
Interaction to a minimum, 


sent. If the response timer expires, the 
program on the next higher level normal! 
retransmits the message frame (If the re 
transmit count has not yet expired). This 
program transmits continuously unt! - the 
processor Is reset or Interrupted by an ex 
terna! source. . 


i SIO SDLC TEST PROGRAM 


;T0O2 


01~-21~-81/MDP 


INITIAL CREATION 


Perfor-. 


4 


C 
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' TEST. SDLC rage 
LOC OBJ CODE M STMT SOURCE STATEMENT - ASM 5.9 


THIS PROGRAM SENDS ADDRESS 9EH, CONTROL 19H. 

AND DATA 81H CONTINUOUSLY USING THE 280 VECTORED 
INTERRUPT MODE. THE SIO IS INITIALIZED TO USE 
SDLC WITH THE BAUD RATE CLOCK SUPPLIED BY 
HARDWARE INTERNAL TO THE SYSTEM. 


the ESC [n= 

@ OCcCUrS., 
before the 
an abort 
out before 
the IIne 
an appro~ 


»le mech= = 
> EQUATES 


mction Is . 
eae _ ADDRESS: EQU ; ADDRESS FIELD 
TS : f . CTRL: EFQU 19H .; CONTROL FIELD 


+ INFORMATION FIELD | 
iMESSAGE LENGTH 
iRAM ORIGIN 

sRAM SIZE 

s;SIO PORT A DATA 


ck tran~ as DATA: _ EGU BiH 
is the Std ee  MSGLEN: EQU 1 
mdition. = wy i: RAM: EQU 2000H 
ed to be | RAMBIZ: EGU 1000H 


generates SIQDA: EGU e, 

n Is have SIQCA: EGU SIODA+i S10 PORT A CTRL 

e abort/ SIQDB: EGU SIODAt2 +}S1I0 PORT B DATA 

resulting a me SIOCB: EQU SIODB+1 S10 PORT 8 CTRL 
: | CIM: EQU 8 +#CIO PORT C 





ide 


lance by 
g data 
Perfor- 
ng the 
n ef fl- 
es CPU 





ormal ly 


¢ 
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¥ 
I 


Le ST TS a a SP Pr ER iS Sr T-shirt SS US hu Seer rm ily SS Gry RSS 


CICB: 
CIM: 


CIQCTL: 


BAUD: 
RATE: 


CICCNT: 


LITE: 


RSPCNT: 


3 


EQU 
EQ@uU 
EQU 
EQU 
EQu 
EGU 
EQU 
EQ@u 


croc+i 
ClIOc+a 
C10c+3 
9600 


BAUD/100 


9214/RATE 


OEOH 
100 


SIO PARAMETERS 


EQU 
CHRES: 


ESCRES: 
TBERES: 


RETIA: 


ENINRX: 
‘SRCRES: 
RCRCRE: 
TCRCRE: 
EOMRES: 


EGU 
WREN: 
RDY: 
WRONR: 
RXIFC: 
RXTAP: 
RXIA: 


ry 
EQu 
EQU 
EQU 
EGU 
EGU 
EQU 
EGU 
EQU 
EGu 


1 
EQu 
EQU 
EQU. 
EQU 
EQU 
EQU 


SIOSAV: 


TXI: 
EXTI: 


EQu 


EGU 
RxX8: 
RX4: 
RX7: 
RX$: 
AUTOEN: 
HUNT: 
RXCRC: 
ADSRCH: 
SYNINH: 
RXEN: 


EQU 
X64: 
X32: 
X16: 
x1: 


571 


0 


sCIO PORT B 

sCIO PORT A 

§CIO CTRL PORT 
sASYNC BAUD RATE 


+LIGHT PORT 
iRESPONSE TIMER VALVE 


1CH. RESET CMD 
+ESC RESET CMD 
}TBE RESET CMD 
sRETI CH. A 

sENAB. INT. NEXT RX 
+SRC RESET CMD 

+RX CRC RESET CMD 
+TX CRC RESET CMD 
+EQM RESET CMD 


sWAIT/RDY ENABLE 
}READY FUNCT. 
+WAIT/RDY ON RX 

iRX INT. FIRST CHAR 
+RX INT. ALL + PARITY 
sRX INT. ALL 

+STATUS AFFECTS: VECT. 
1+ (CH. B ONLY) 

»TX INT, ENABLE . 
sEXT. INT. ENABLE ~ 


+(CH.B ONLY) 


sRX 8 BITS 

‘RX 6 BITS 

‘RX 7 BITS 

#RX S BITS 

}AUTO ENABLES 
jHUNT MODE. 

#RX CRC ENABLE: 
iADDR SEARCH — 
‘SYNC LOAD INHIBIT 
sRX ENABLE 


+44X CLOCK 
132X CLOCK 
416X CLOCK 
3 1X CLOCK 


ene SE ee we eae 


eget oe 


é 
: de TEST. SDLC | 
LOC OBJ CODE M STMT SOURCE STATEMENT ~~ | ASM 5.9. 
| 77 - EXTSYN: * sEXT. SYNC ENABLE | 
78 s SDLC: | “> +SDLC MODE 
79 ae SYN16: -316 BIT SYNC 
80 SYNB: - 3@ BIT SYNC 
81 -  - STOP2: 32 SToP BITS 
82 STOP15: - 31.5 STOP BITS | 
839 STOP 1: 31 STOP BIT 
84 _ SYNCEN: sg SYNC: ~_ ENABLE 
85 EVEN: ;EVEN PARITY. 
B4 PARITY: s PARITY: ENABLE 
8 7 ; F ; 
88 EQU | 
89 DTR: s ACTIVATE DTR* 
90 TXe: +TX 8 BITS 
91 TX6:  =37X 6 BITS 
92 _TX?7: ;TX 7 BITS 
93 TXS: sTX 5 BITS 
94 BREAK: ) + TX BREAK 
95 TXEN: +TX ENABLE | 
96 CRC16: 1CRC-14 MODE 
97 RTS: EQU 2. sACTIVATE RTS _ 
98 TXCRC: +TX CRC ENABLE 
99 
100 EQU 6 ' yLOW SYNC OR ADDR 
101 
102 EQuU 7 sHIGH SYNC OR FLAG 
103 7 | | 
‘104 |; SIOFLG = FLAGS FOR SIO STATUS 
105 
106 BIT --- SET CONDITION 
107 
108 
109 
110 
111 
112 
113 
114 
115 


116 

117 

118 wae MAIN PROGRAM ##+* 

119 

120 ORG Oo) a es 
€32000 121 JP BEGIN +@O MAIN PROGRAM 

122 aa | 

123 \; INTERRUPT VECTORS 

124 ; (MUST START ON EVEN BOUNDARY) 

125 | : | 

126 ORG ®. AND. OFFFOH. OR. 10H 

127 INTVEC: : 

: 128 SIQVEC: a 
9C00 - 129° DEFW.  CHBTBE 
D100 "130 DEFW § CHBESC 
0101 131 DEFW CHBRCA 
OFO1 132 DEFW CHBSRC 
3B01 133 DEFW* CHATBE ~ 
4301 134 DEFW CHAESC 
4B01 135 DEFW - CHARCA 
5101 136. CHASRC — 

137 


0 TX ACTIVE 
MESSAGE COMPLETE 
CTS ACTIVE 

DCD ACTIVE 

ABORT DETECT 

RX OVERRUN ERROR 
RX CRC ERROR 

RX END OF FRAME | 


NOautrQaye 


* 
m 


_ 
- 


i 


314020 139 SP, STAK s INIT SP 
EDSE 140 2 +VECTOR INTERRUPT MODE 
3EOO 141 : A> INTVEC/236 s;UPPER VECTOR BYTE 
ED47 iA i? : 
214520 HL. BUFFER 
349E 144 (HL), ADDRESS +STORE ADDRESS 
23 145 HL 

— 34619 (HL>, CTRL sSTORE CTRL BYTE 
23 HL 
3681 : (HL), DATA | +8TORE DATA BYTE 
cD4c00 INIT . s INIT DEVICES 
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: TEST. SDLC 
LOC OBJ CODE M STMT SOURCE STATEMENT . » “eae ASM 3.9 
0037 218720 150 LD HL, RBUF iSETUP READ BUFFER 
OO3A 228520 sok 4s LD (RBPTR),. HL 
152 LO®: or Ce 4! 
003D 213D00 159 LD HL, LOOP +SETUP STACK FOR RETURN 
0040 ES 154 | PUSH HL | . 
0041 CD7D00 155 ~ * CALL WAKE *#WAKE TX 
156 LOCP1: | | | 
0044 344020 157 © LD Ar (SIOFLE) CHECK TX ACTIVE FLAG 
0047 CB47 158 BIT 0,4 . 
0049 20F9 -159 JR NZ, LOOP1 | +LOOP IF TX ACTIVE 
~ 0048 c9 | 140 a ganas ot 4 
161. | 
162 ~~ ~=2INIT: - 
163 ‘SIOINI: 
217001 164 - HL,SIOTA sINIT CH. A | 
OE01 165 Cc, SIOCA sO ; : 
|, O60A 164 B, SIOEA-SIOTA 
EDBS 167 ; 
217A01 168 HL, SIOTB + INIT CH. B 
OE03 149 C, SIOCB 
0610 170 B, SIOEB-SIOTB 
EDB3 171 
3E00 172 ‘ 4:0 — sCLEAR FLAG BYTE 
324020 ° 173 LD - (SIOFLG),A 
174 =CIOINT: . : es 
DBOB 175 a A, (CIOCTL) Ss INSURE STATE 0 
AF 176 A +POINT TO REG O 
D3O0B 177 (CIOCTLILA 
DBOB 178 A, (CIOCTL) sCLEAR RESET OR STATE O 
AF 179 A. 
D30B 160 (CIOCTL).A iPOINT TO REG O 
181 A sWRITE RESET 
162 (CIOCTL)LA 
1893 A. +CLEAR RESET COND. 
164 - * (CIOCTLILA 
183 HL» CLST s INIT CIO 
184 B, CEND-CLST 
187 C, CIOCTL 
188 : 
189 
190 
191 : . | 
3A4020 192 A. (SIOFLG@) sSET ACTIVE FLAG. 
CBC7 193. OA | : . 
324020 . 194 — (SIOFLG),A 
214520 195 HL, BUFFER +SET BUFFER PTR 
224320 196 (BUFPTR),. HL P ™ | 
3E03 197 A, 2+MSGLEN #SET BYTE COUNT 
324120 198 (BYTES), A 
3E80 199 : A,» TCRCRE » $CLEAR TX CRC 
D303 200_— % OUT (SIOCB),A oa 
CD9C00 201 CALL CHBTBE | ~S8TART TRANSMIT 
SECO ‘* 202 LD A. EOMRES }RESET EOM LATCH 
D303 203 OUT . (SIOCB),A 
C9? RET 


INTERRUPT SERVICE ROUTINES 


iid acorn “gts ascent lage Sake Bie econ gat 


CDS901 : . CALL SAVE sCH.B TX BUFFER EMPTY 
214020 © LD HL, SIOFL@ s#POINT TO FLAG BYTE 

CB4E BIT 1, (HL) i CHECK MC FLAG 
201D JR NZ, CHBTB2 i BRANCH IF MESSAGE COMPLE 


* GA4120 A, (BYTES) ~'CHECK BYTE COUNT 
215 A 
216 Z, CHBTB1 i BRANCH IF DATA DONE 
217 | A ; 
218 (BYTES), A 
219 HL, (BUFPTR) 
. 220 A, (HL) 
(SIODB),A 
SS heres eentuneneseteety-regenenamsore=rounmustneoereneenaneeerrereeeernsnan 
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LOc 
_ OOBS 
00B7 
OOBA 


OOBB 
OOBD 
OOBF 
00C1 


00¢3 
oocs 
0067 
00c9 


OOCcCc 
OOCE 
OODO 


OOD1 
OOD4 


OOD7 ° 


OOD? 
OODB 
OODD 


' OODF 


OOEO 
OOE2 
OOES 
00E7 
OOEA 
OOEC 
OOEF 
OOF 1 


OOF3 © 


OOFS 
OOF7 


OOF8 
OOFA 


OOFB 
OOFD 


OOFE 
0100 


0101 
0104 
0106 
0109 
010A 
010B 
O10E 


O10F 
0112 
0114 
0116 
01186 
0119. 
011C 
O11E 
0120 
0123 
0125 
0128 
0124 


012D 


23 


224320 


C9 
-CBCE 
3ECO 


D303 
1809 


CBBE 
CBB 
3E44 
324220 


3E28 
D303 
Cc? 


CcD5901 
214020 
CB96 
CB9E 


» CBA6 


DBO3 
47 
CBSS8 
C4FBO00 
CB4é8 
C4FE00 
CB78. 


. C4FB00 


CB4E 
2800 


3E10 
D303 
co 


CBES 


‘C9 


CBDE 
C9 


CBD6 
C9 


cDs901 
DBO2 
2ABS20 
77 
230 
228520 
C9 


cD5901 
3E01 
D303 
DBOS 
47. 
214020 
CBBé 
CB78 
c493801 
CB70 
C43501 
CB48 
C€43201 - 


3E30 


222 





223. -— 


224 
225 
226 
227 
228 


229 


230 


231 


232 
233 
234 
235 
2936 


_ 237 


238 


229. 


240 
241 
242 
243 
244 
245 
246 
247 
248 


249. 


250 
2351 

252 
259 
254 
255 
256 
257 
258 


259. 


240 
2461 
262 
263 
264 
265 
256 


267 


268 
269 
270 
271 
27a 
273 
274 
275 


276 


277 
278 
279 


280 . 


281 
282 
283 


“284 


285 
286 
287 
288 
289 
290 
291 
292 
293 
294 | 


CHBTB1: 


- TEST..SDLC 
OB8V CODE M STMT SOURCE STATEMENT 


INC. 
LD © 
RET 


SET 
LD 
OUT 
JR 


‘CHBTB2: 


CHBTB3: 


RES 
RES 
LD 
LD 


LD 
OUT 
RET 


CHBESC: 


CHBES1: 


SETABT: 


SETDCD: 


SETCTS: 


CHBRCA: 


CHBSRC: 


CHBSR 1: 


CALL | 


LD - 
RES 
RES 
RES 
IN 

LD 
BIT 
CALL 
BIT. 
CALL 
BIT 
CALL 
BIT. 
JR 


LD 
OUT 
RET 


SET 


~ RET 


SET 
RET 


SET 
RET 


CALL 
CALL 
LD 


HL 


~ (BUFPTR), HL 


1,¢HL) 
A, EOMRES 


 (SIOCB), A 
- CHBTBS 


1, (HL) 
0, (HL) 
A, RSPCNT 


{(RSPTMR),A 


‘ A, TBERES 
(SIOCB),A 


SAVE 


HL, SIOFLG 


2, (HL) 
3, (HL) 
4, CHL) 


A, (SIOCB) — 


a 


3, B 


NZ, SETDCD 


3: B 


NZ, SETCTS 


7.8 


NZ, SETABT | 


1, (HL) 
Z, CHBES1 


A, ESCRES 
(SIOCB),A 


-4. CHL) 


3, (HL) 


2, (HL) 


SAVE | 
A, (SIODB) 


HL, (RBPTR) 


(HLA 


HL | 
(RBPTR), HL 


SAVE 


/Arl 


(SIOCB),A 
A, (SIOCB) 
BLA 

HL, SIOFLG 
6, (HL) 
7,B 

NZ, SETEFF 
6, B 

NZ, SETCRC 
5,B 

NZ, SETOVR 


A, SRCRES 
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”;SET. MC FLAG 


+CLEAR MC FLAG 
;SET TX INACTIVE 


s;START RESPONSE TIMER 


+RESET TBE INT. PEND: 


i CH. B EXTERNAL/STATUS CHG 


sGET FLAG BYTE 


sREAD RRO 


s+STORE IN %B 
is CHECK DCD BIT 


3CHECK CTS BIT 
;CHECK ABORT BIT 


;CHECK MC FLAG 
;BRANCH IF CLEAR 


;RESET ESC. 


+CH. B RX CHAR AVAIL. 


4GET READ BUFF PTR 


;CH. B SPECIAL RX COND. 


sREAD RR1 


i; SAVE IN XB 


s CLEAR CRC ERROR FLAG 
sCHECK EOF BIT 
sBRANCH IF NOT EOF 

+ CHECK CRC ERROR 


sCHECK OVRRUN BIT. | 


;ERROR RESET CMD 






















































































99 00 a0 oa 


01: 
Gis 
Ol 


O1s 
O18 
O1g 
O19 


O15 
O18, 
015) 
018: 
013) 
O15! 
016) 
016é 
O16é 
O16€ 
0165 
O16A 
9169 
O16C 
016D 


O16F 


0170 
0171 
0172 
0173 
0174 
0175 
0176 
0177 

0178 

0179 


rE REAR 
.617~ 1564-0007 





4 Loc 
012F 
0131 


4 0132 
4 0134 


4 0135 
0137 


* ee 


0138 
a 019A 


013B 
013E 
0140 
0142 


CHE 0143 


0146 
0148 
014A 


014B 
G14e 
Q150 


Q131 
0134 
0186 
QO138 


0139, 
Q1SA 
0158 





0O15D 
O1SF 
9161 
0164 
0166 
0168. 
0169 
0164 
9165 
O16C 
a 016D 





016F 


0170 

a 0171 
—_ 0172 

a 0173 
0174 
0175 
0176 
0177 
0178 
0179 
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Q15¢ | 


D303 
C9 


CBEE- 
C9 


CBF& 
C9 


CBFE 
co 


CD5901 
JE28 
D301 
c9 


CD5901 
3E10 
D301 
C9 


CDS901 
DGOO 
C9 


cps901 
3E30 
D301 
C9 


00 


01 
D2 
04 
4F 
OS 
AA 
03 
41 


OBJ CODE M STMT SOURCE 


295 
296 
297 
298 
299 
300 
301 
302 


303 


304 
305 
306 
307 
308 
309 
310 
311 
J12 
3193 
314 
315 
316 
317 
318 
319 
320 
chs | 
Jee 
329 
324 
gad 
Jad 
Je7 
o28 
3a9 
330 
Ja! 
3dr 
333 
334 
333 
3396 


337 
998 


399 
340 
341 
342 
343 
344 
345 
346 
347 
348 
349 
350 
351 
352 
353 
334 
3395 
396 


387 


358 
359 
360 
361 
362 
363 
364 
365 





























































TEST. SDLC 





ASM 35.9 


STATEMENT sO 
OUT {SIOCB),A 
RET 
SETOVR: 
SET S, (HL) 
RET. 
SETCRC: 
SET 6, (HL) 
RET 
SETEFF: 
SET 7, (HL) 
RET | 
CHATBE: | : 
CALL SAVE —3CH.A TX BUFFER EMPTY 
LD A, TBERES | 
OUT (SIOCA),A 
RET 
CHAESC: a ae 
CALL SAVE sCH. A EXTERNAL/STATUS CHG 
LD A, ESCRES 
OUT (SIOCA),A | 
RET 
CHARCA: ‘s 
CALL SAVE CH. A RX CHAR AVAIL. 
IN A. (BIODA) . 
REY 
CHASRC: ; 
CALL BAVE ICH. 8 SPECIAL RX COND 
LD A, SRCRES 
OUT (SIOCA),A 
RET. 
SAVE REGISTER ROUTINE 
SAVE; 
EX (SP), HL ;SP = HL 
PUSH DE j DE. 
PUSH BC ; BC 
PUSH AF i AF 
PUSH 1X 1X 
PUSH TY ; IY 
CALL 60 i PC 
‘POP ly 
POP IX 
POP AF 
POP BC 
POP DE 
POP HL 
EY 
RETI. 
GO: 
JP CHL) 
#E 
bi CONSTANTS 
SIOTA: 
DEFB SIOQWRO +CHAN. RESET 
DEFB CHRES 
DEFB SIOWR1 CHAN. CHARACS. 
DEFB WREN+RDY+RXIAP+TXI 
DEFB SIOWR4 1 MODE 
DEFB X16+STOP2+EVEN+PARITY 
DEFB SIOWRS . + TX PARAMS. 
DEFB DTR+TX7+TXEN+RTS 
DEFB SIOWRS i RX PARAMS, 
DEFB RX7+RXEN 
EGU $ 
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TEST. SDLC = 
OBVY CODE M STMT SOURCE STATEMENT — ae. oe . ASM 5.°? 
368 SIOTB: . : 
00 369 DEFD SIQWRO - ; + CHAN.. RESET 


18 370 DEFB =‘ CHRES | 
o2 371 | DEFB SIOWR2 : i VECTOR REG. 
- 10 | 372 ‘DEFB SIOVEC.AND.255 9 — | | 
04 373 DEFB SIOWR4 _ + MODE 
20 374 DEFB § X1+SDLC+SYNCBN aes 
Ol 375 DEFB SIOWR1 - 4 CHAN. CHARACS. 
1F 376 DEFB RXIA+SIOSAV+TXI+EXTI | 3 
06 377. DEFB SIOWRS ; ADDRESS . 
9E 378 DEFB § ADDRESS — 7 
07 379 DEFB  SIOWR7 i FLAG 
7E 380 DEFB 011111108 
05 981 DEFB SIOWRS ~~ +TX PARAMS. 
EB 382 _ DEFB DTR+TX8+TXEN+RTS+TXCRC 
03 389 | DEFB SIOWRS +RX PARAMS. 
C1 ' 384 DEFB  RX8+RXEN He 
385 Equ s 
386 
387 | . 
388 DEFB 28H +PORT B MODE 
389 DEFB 000000008 
390 DEFB BH ;DATA DIRECTION 
391° DEFB 11101110B | | 4 
392 DEFB 1CH +CT1 MODE 
393 DEFB 110000108 . te ) 
394, DEFB ‘14H :CT1 TC MSB” 
395 DEFB 0 : . Bt oe 
396 -‘-DEFB 17H G . os LSB 
397 DEFB CIOCNT | 
398 DEFB 1 ; _sMASTER CONFIG. REG. 
24 DEFB 111100008 
DEFB 10 «4 CTL. ~TRIGGER 
401 DEFB  00000110B ! 
EGU % | 


wig ‘€ : 
eS tae Caine chanics 
arenes 
oA 


base 
Sree 


404 _ 
405 ‘DATA 
404 
407 ORG - ; - 
408 DEFS | STACK AREA 
409 EQU . aes 
410 : DEFS 1 1SIO FLAG BYTE | 
411 DEFS aS ;BUFFER BYTE COUNT 
412 : DEFS 7 }RESPONSE TIMER 
413 : DEFS _ . }BUFFER POINTER 
414 : DEFS e ;BUFFER 
415 DEFS Aa. « ;READ BUFF PTR 
ma . as 


END 
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A popular communication protocol used to 
exchange Information tatween data processing 
devices has been In use for some time. This 
protocol], developed by IBM, Is called binary 
synchronous protocol, or blsync. The Z80 S!0 
provides a flexible and powerful tool for the 
Implementation of the blsync protocol. Howe , 
ever, there are some design considerations 
that require special attention. This paper 
will discuss these desIgn considerations and 
offer an approach to using blisyne with the 
Z80 S10. Specific examples are presented and 
readers who are unfamillar with the bisync 
protocol should refer to the ANS! standard 
(1) or the IBM publication (2) IIsted at the 
end of this paper. 


Bisync Is a character-orlented protocol with. 
Information transmitted In blocks between two 
(or more) data communication devices. The 
medium through which this Information Is 
conveyed Is called the data IInk. The par- 
ticular data JInk discussed In thls. paper Is 


 @ polnt-to-polnt tink using the ASCII trans~ 


mission code. Other codes, such as EBCDIC, 
are not covered, but the format for bisyne Is 
basically the same. The data [Ink consists 
of a master station (usually a computer) and 
a slave station (usually a terminal) with the 
assocl ated communication gear In between=-- 
modems, phone [Ines, etc. The master statlon 
controls message flow by polling and select=- 
Ing the slave station. Polling Involves send= 
Ing a general request message to the sfave 
station(s) to determine whether or not any of 
the slaves have data to send (traffic). Ifa 
stave station does have traftic, It responds 
to the pol! and the master can then select 
that particular slave for Information ex- 
change. Staves can only respond to a master 
device and cannot Initiate communication on 
the data link. . 


Information Is exchanged by means of a wej |= 
defined block structure. Message blocks 
consist of a header, body, and traliter 


' (Figure 1). The header Is made of two or 


dressing and control Information for a par= 


Binary Synchronous 
| Communication 
Using the Z80 SIO 


Application Note 


more SYN characters (hence the name bisync), 
a start of header (SOH) character, and ad= 


ticular slave station. | 


Header Tralter 


Figure 1. Basic Message Block Format 
for Bisyne Protocol — 


The body begins with a start of text (STX) 
character and encompasses the entire text 
Information. The body generally contalns 
ASCII text data, although 8bit binary data 


can be transmitted usIng transparent text 


mode. 


The traller contalns the end of text (ETX) 
character and the block check character 
(BCC). The BCC Is used for detecting errors 
through "cyclic redundancy checking, (CRC) or 
"longi tudal redundancy checking" (LRC). 


Error detection is essential when transfer= 
ring Information between data processing 
equipment. Since ASCII! specifles only seven 
bits’ for Its code, the elghth bit Is used for 
vertical redundancy checking (VRC), more 


-commonty known as character parity. In syn= 


chronous communications, character parity Is 
generally odd, whereas In asynchronous com | 
munications It Is evene Figure 2 shows typ!l~_ 
cal ASCII characters with parity. The SIO 

can be programmed. for 7=bit characters with 
odd parlty enabled to minimize software over= 
heade . 


This application note refers to products as Z80 "A", "B" etc. to specifly the speed grade. We are no longer 
using those characters for the speeds. For more details, please refer to the ordering information section. 
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L 
4S 
B 


“LRC that makes up the BCC, 
simple bIt posItlon checksum where the number 


Figure 2. Odd YRC. 
Number of 1s should be odd. 


<a—-a> 1 
wut 
<a —-Da>t 


Because VRC applies only to the Individual 
character, the entire message block has an 
The LRC fs a 


of Is for each position (0 through 6) Is even 
for a block of data. Since the BCC Is a. 
character, LRC Is subject to the same char- 
acter parlty rules as the rest of the data: 
block. The LRC Includes al! characters, | 
except SYN, starting with the first character 


after SOH or STX and up to and Including ETX 


In the traller (Figure 3). Since the SIO 
cannot calculate the LRC, the task Is left up 
to the user. LRC can be generated ona | 
microprocessor with IIttle effort by taking 
the message block and XORIng the data with an 


Initial value of zero to provide even LRC. 


S | E | B 
T T | Cc 
x x C 
ST 


Included In BBC 


Figure 3. Cheracters Included In BBC 


et 


Another type of BBC Is generated by a cyclic 
redundancy check (CRC), which results In a. 
more powerful method of block checkIng. 
CRC-12 Is used for 6<bIit transmIsslon code 
and CRC=-16 Is used for 8=blit transmlsslon 


code. CRC Is used In [leu of character 


parity and LRC, as with transparent text mode — 


operations 


The remainder of thls paper I! Justrates how 


to use the SIO In three special cases of the — 


blsync protocol: transparent text mode, 
abort/Interrupt procedures, and error re=- 
covery procedures. . 


Transparent text mode Is useful In blsyne 
when Information exchanged between master and 
slave Is not ASCII data. For example, a 
binary data file (object program) ml ght be 
sent from master to slave. ASCII! transmls- 


. Slon code Is only seven bits fong making It 


difficult to send 8=bIt blnary data. One 
alternative Is to convert the binary data to 
ASCII hex format at the master, transmit It 
to the slave and reconvert. It back [nto 
bInary at the slave. However, two disadvan=- 


for every elght bits of binary data. 


tages result from this. First, the master 

and slave require a means of conversion, by 
elther software or hardware, adding cost to 
the data [Inke Since the slave (terminal) Is 
burdened most by this, such an approach Is 
usually not feasIble. The other disadvantage 
Is that the exchange of Information Is slower : 
since two (or more) ASCII! characters are sent 
The . 
bisyne protocol has provisions for sending ~~ 


'8=bIt binary data by using transparent text ue 


mode transmission. In thls mode, character | 
parity Is disabled, allowIng the full elght - 
bits to be used for data. However, to al low 


control within the constraints of the proto= © 


col, there are certain IImitations on the D 
blnary data pattern. The primary difference 
Is that during transparent mode some communl- 
catlon contro! characters are preceded by a 
DLE character, actually making the control . 
characters a two~character sequence. To | 
distingulsh a data byte from a control DLE, — 
the protocol specifies Insertion of another 
DLE. The recelver then throws away the first 
DLE, keeping the second as data. Table 1) 
shows the communication control characters 
that are valld during transparent mode. 


Another character change occurs when the SYN 
character Is used for line flil. Normally, 
the SYN character Is Ignored, but during | 
transparent mode the SYN Is preceded by a 
DLE, and both are consequently Ignored by the 
recelver. In the event that the CPU does not 
have a character ready to send, the S10 auto 
matically Inserts SYN characters Into the | 
data stream. With the S10 programmed for — 
16=bIt sync characters, two syncs are sent 
from the SIO (write registers WR6 and WR7) 
when Its transmit buffer Is empty. In trans- 
parent mode, the user must change WR6 and WR7 


_ to DLE, SYN In order for the SIO to provide 
_ the proper [Ine fill characters. 
ance with the ANSI standard, tine flll char- 


In accord= 


acters are not Included In the SIO CRC calcu= © 
lation during transmit. During reception In ©: 
transparent mode, the software must dlsable 


~ CRC accumulation when the DLE SYN character 


sequence Is detected. - 


While In transparent mode, the user must be 


concerned with the error detection. codes. If - 


- parity Is enabled In the SIO normatty, It | 


must be disabled during transparent mode.. 
This change In StO operation affects both 
transmit and recelve and should therefore be 

considered If using full duplex. oF 


Table 1. Control! Codes Used 
In Transparent Mode 


Start of transparent text 
End of transparent text block 
End of transparent text 

Idle syne 4s 
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Since the S10 alfows CRC enable/disable on 
the fly, the software can easily control CRC 
accumulation In both recelve and transmit. 
During transmit, the CRC must be enabled/ 
disabled before the character Is transferred 
Into the serial shift register. Ouring re- 
celve, the CRC accumulation Is delayed elght 
bits. After the character Is transferred 
from the serlai shift register Into the 
buffer, the user has te read that character, 
decide whether or not to continue CRC accumu=- 
lation, and disable/enabie CRC before the 
next character Is transferred to the buffers | 
This Is not generally a problem, since char- 
acter ‘transfers occur about every 8535 micro=- 
seconds at 9600 baud. Table 2 shows the char~ 
acters Included and omitted In the CRC during 
transparent mode. 


Table 2. Characters Included/Omitted In 
CRC During Transparent Mode 


Omitted from CRC Included In CRC 


DLE SYN 
OLE SOH 
DLE STX* 


DLE of DLE DLE 
ETX of DLE ETX 
ETB of DLE ETB 
STX of DLE STX*# 


*if not preceded by 
- transparent header 
within same biock 


*#1f preceded by DLE 
SOH within same 
block 


_recelved during transparent text mode. 


be a NAK, 


When CRC accumulation Is to be resumed, the 
software should enable CRC before the desired 
character is transferred to the receive 
buffer. For example, suppose a DLE pair Is 
The 
SIO generates an Interrupt when the first DLE 
Is transferred to the recelve buffer. The 


_ driver program reads the DLE and Immediately 


disables CRC. When the next Interrupt 
occurs, the driver reads the second DLE and 
Immediately enables CRC to Include the second 
DLE tnto the CRC accumulation. 


The second category of interest Includes 
abort and ftnterrupt procedures, There are two 
types of aborts: block abort and sending 
statlon abort. There are three types of 
Interrupts: termination Interrupt, reverse 
Interrupt and temporary Interrupt. 


The block abort Is used by the sending sta~ 
tion when, In the process of transmitting a 
data block, the sending station detects an 
error condition In the data and decides to 
terminate the block so that the recelving 
station willl discard [t.  {n nontransparent 
mode, block abort Is accomplished by ending 
the block with an ENQ character, Instead of 
ETX or ETB. The sending station then walts 
for a reply from the recelver, which should 
The transparent mode procedure is 
Identical except that a DLE ENQ character 


579 


sequence Is used. Since a block abort puts 
the data ItInk back In nontransparent mode, 
NAK Is the valid response the recelver should 
send In both transparent and nontransparent 
modeSe 


The sending station abort Is similar to the 
block abort, except that the sending station 
does not necessarily do a block abort but 
simply ends the current message block, walts 
for a response or timeout, and then sends an 
EOT to regain control of the data link. The 
sending station abort Is useful when trans-~ 
mission to a particular recelver Is necessary 
due to a higher prtority message, buffer 
overflow condition, error detection, etc. 
Once the sending station abort sequence Is 
made, the master can perform any data [Ink 
control function. 
From the recelver side, a termination Inter= 
rupt causes the sending station to stop 
transmission, Such a procedure fs useful when 
the recelver cannot accept any more data or 
Incurs an error condition, such as paper Jam, 
card Jam, hardware error, etc. To accomplish 
a termination Interrupt, the recelving sta- 
tlon sends an EOT Instead of the normal re- 
sponse. The EOT resets all stations on the 
link and allows the master to Issue any con= 
trol sequence, 


The reverse Interrupt (RINT) Is used when the 
recelving statlon needs to transmit during 
reception of several message blocks. The 
RINT occurs when a recelver detects a valid 
CRC or LRC and, Instead of returning an ACK, 
sends a DLE "<" character sequence to signal. 
an affirmative acknowledgement and to stop 
transmission of data. Some exceptions and a 
more detalied description of RINT can be 
found in the ANSI standard. 


The temporary Interrupt procedure, WACK (Walt - 
Before Sending Positive Acknowledge), Is used 
by the recelving station to Indicate positive — 
acknowledgement and an Inablilty to recelve 
more data. Such a response may be necessary 
when the recelving station cannot accept data 
continuously, such as during a printing 
operation. The WACK consists of a DLE ";* 
character sequence and Is sent In place of an . 
ACK or ACKn. The sending station then sends 
ENQs (Enquiry) until the recelving statfon 
stops sending WACKs. The sending station can 
resume transmitting data when the recelving 
station sends an ACK or ACKn. 


Recovery procedures provide a means of pre" 
venting data [Ink Instability. The recovery 
mechanism consists mainly of timers, grouped 
Into four basic areas, and a NAK counter. 
The NAK counter Is used to prevent repeated 
NAKs from Inhibiting further communications. 
The sending unft counts how many NAKs It 
recelves for a particular data block so that 
after a predetermined number of retries, It 
can recover and pursue another course of . 
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action. The particular count value and 
course of action taken when the count explres 
are left up to the user. . 


Four timers (timer A or response timer, timer — 


' Bor recelver timer, timer C or gross timer, 
and timer D or no activity timer) prevent the 
data {Ink from getting “hung"t or going Idle 
for extended perlods of time. Generally, the 
shortest tnterval Is used with timer A, and 
the longest Interval fs used with timer D. 
For maximum system efficiency, however, the 
receiver timer (timer B) should timeout 
before the response timer (timer A). The 
particular Implementation of these timers 
varies from system to system, and some flexl- 
bility of exact timer values Is left up to 
the user. 


Since It Is assumed that [Interrupts will be 
used with the SIO, an Interrupt driven re- 
celver timer count Is kept In memory and Is 
relnitialized each time a character Is re~ 
celved (recelve Interrupt). The same applies 
for the response timer, except that when a 
timeout occurs, the transmit driver has 
several options to follow. 


If the SIO fs set to transmit CRC on transmit 
underrun, then the driver could simply set 
Its flags and not fifl the buffer. This 
allows a normal exit, since the SIO will then 
send its CRC bytes. If the SiO fs set to not 
transmit CRC on transmit underrun, then It 
sends sync characters (SYN SYN or DLE SYN, — 
whichever was last written to WR6 and WR7) 
unti{t the transmit buffer ts flifed or trans- 
mit data Is set to marking. 


- In any event, enough time must be al lowed 
- after CRC fs sent so that the receiver can 


block. 


: ‘ 
. $ 
1 
a en _— ‘ 


properly decode CRC. Because of the char 
acter delay In the S10 during CRC accumula- 
tion, about 20 clock cycles are necessary 
after the fast CRC byte Is sent to ensure 
adequate decoding time. (See the SIO Techni- 


cal Manual for further detalls.) The S{0 


could be programmed to send pad characters 
elther by disabling parity and sending 8-bIt 
FFs (hex) or by fliling WR6 and WR7 with FF 
hexe If enabled, the SiO automatically sends 


whatever Is In Its syne registers upon trans- 


mit underrun. Multiple message blocks do not 
have to be separated by pad characters as 
long as CRC Is valid for the previous message 
However, to [Insure adequate time for 
the recelver to process CRC, It Is recom 
mended that at least two pad characters 
follow the fast character of a block. 


Using the SIO for the bisync protocol Is 
fairly straightforward. Care should be exer= 
clsed when using the SiO In transparent text 
mode, but the Implementation [ts greatly 
simptifled by the SIO's flexibility, as com 
pared to other serial communications ICs. 
The CRC capabl {ittes of the SIO provide a 
powerful means of maintaining maximum data 
Integrity with minimum software overhead, 
Coupled with the DMA and the Interrupt capa~ 
blilties of the Z80 processor, the user wit! 
find the S10 an excellent cholce In serving 
data communtcation needs. 


(1) Amertcan National Standards Institute, 
ANS{ X3,.28 = 1976, 3 


(2) "General Information = Binary Synchronous 
Communications." Pub. number GA27= 
3004-2. : 
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System with the zso®cTc 


' Application Note 





JNTROOUCT ION 


In many computer systems, an accurate time 
base Is needed so that critically timed 


events do not go awry. Use of a counter or 


timer to monitor time~dependent activities is 
essential In such systems. in an interrupt- 


driven system, the Z80 CTC can provide | 


regular program Time Intervals. SIngle-event 


counts or single-event time delays can also 
be Implemented under program control. This 
application note dascribes both continuous 
time-ftnterval operations and single-Interval 
count operations using the Z80 CTC [n a Z80 
system. : ge 





HARDWARE 


i 


in the example used here, the hardware con-_ 
CONFIGURATION sists of a 280 CPU with 4K bytes of RAM, 4K © 


‘bytes of ROM, a ZBOA SIO, and a Z80A CTC. 


There are two external Inputs to the CTC: one 
ts derived from the ac power Iina to provide 


60HzZ pulses; the other Is connected to a 


-fransmit clock line on the S10. One of the 


counter/timer outputs fs connected to the SI0 
transmit and recetve clock Input, as shown fn 
Figure i. | : . 
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Figure 1. ZB0A System Block Diagram 





This application note refers to products as Z80 "A", "B" atc. to specifiy the speed grade. We are no longer 
using those characters for the speeds. For more details, please refer to the ordering information section. 
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The Z80 CTC Is designed for easy Interface to 
the Z80 CPU. An B=bIt bidirectional data bus 
is used to transfer Information between the 
CTC and CPU. The control lines, RD, !O0RQ, MI, 
and CE, determine what. data_ts belng frans- 
ferred and when. Mj and are used during 
the Interrupt acknowledge cycle to allow the 
CTC to present Its 8-bit (nterrupt vector to 
the CPU. [ORQ Is also used In conjunctlon 
with to enable transfers between the CTC 
and the CPU. RD Is: used to control 
direction of data fiow between the CTC and 
the CPU. The channel select tines (CSq and 
CS) are connected fo the lowest two bits of 
the address bus and are used to access one of 
the four counter/timer channels. Table | 
shows the relatlonships between the CS: pins 
and the counter/timer channels. 


Table {2 Channel Select Values 


Channel 6 
Channel | 
Channel 2 
Channel 3 


The CTC system clock (nput requirements are 
similar to those of the Z80 CPU. For both, 
the system clock Input Low level should be no 
greater then 0.45 V, the High level should ‘be 
no less than V..-0.6 V, and the clock rise 
and fali times should be less than 30 ns, A 
clock-driver device that meets ifese require- 
ments, such as the HH~3006-A', works wali 


There are two basic modes under which the CTC 
can operate: Timer mode and Counter mode. 
Each mode has certain programmable character- 


A typical use of the CTC In Timer mode is to 
provide regular, fixed-interval Interrupts to 
the CPU used as a tlime-base reference fo 
allocate the processor resources efficlently. 
For example, a multitasking system might have 
the processor execute a task for a given 
length of time and then Interrupt execution 
of the program at one-second Intervals fo 
scan the task queue for hligher-priority 
tasks, This system time Interval can be pro~ 
vided by the CTC In Timer mode. tn Timer 
mode, the CTC downcounter Is decremented by 
the output of the prescaler, which Is toggled 
~ by the system clock Input. The prescater has 
& programmable value of 16 or 256, depending 
on the condition of bit 5 In the channel 

contro! word (CCW). Thus, with a 4 MHz system 
clock fed Into the CTC, a timer resolution of 
4us (prescater count of 16) or 644s (count of 
256) Is posslble. 


in the exampie shown, the Interrupt Interval 
is set to 8.33 ms, which Is provided by the 
CTC with a 3.6864 MHz Input clock, 256 pre- 
scaler Value, and a time constant value of 
120. The CTC Interrupt service routine uses a 
software count of 120 to maintain a one- 
second system time Interval. Each time the 
service routine Is executed, the software 
count Is decremented by 1. When the count 
reaches 0, a flag Is set and the program 
pursues an appropriate course of action. 
Figure 2 shows the Initiallzation and Inter- 
rupt service routine coding for a CTC channel 
usIng the Timer mode. 


The | 


with the CTC. Several devices can be con- 
nected to the driver, but the user should be 
careful not fo overload the driver. The capa- 
citance of the clock Input to the CTC (20 pF) 
should be noted as this may affect the system 
clock rise and fall times. 


Interrupt control logic within the CTC {s 
used to initiate Interrupts and to control 


‘the Interrupt acknowledge cycle generated by 


the CPU. An Interrupt 1s generated by the CTC 
when one of the counter/timer down counters 
reaches terminal count (0) and 1£1 Is HIgh, 
IEt and {EO altow the CTC to operate within 
the Z80 interrupt dalsy chaln and to connect 
to the next higher-priority and next 
lower-prlority devices In the chaln, respec- 
tively. if there Is no higher-prtority de- 

vice, TEt Is tled to +5 Vv. © -° : 


The CTC Internally prioritizes each counter/ 
timer with respect to interrupt generatton, 
This max{mizes performance by resolving con- 
tention between channels should two or more 
Interrupt conditions occur simultaneously, 


Table 2 shows the relative priority fevels of - | 


each counter/timer within the CTC. 


‘Table 2. CTC Channel Interrupt Priority 


Highest 


Lowest 


istics that enable the CTC to be used In a 
wide varlety of applications, 


Another use of CTC Timer mode operation fs to 
Implement a nonretriggerable one=shot using 
external circultry. The digital approach to 
the one-shot provides a programmable time 


_detay under CPU control and provides greater | 


nolse Immunity than fhe more common analog 
dalay circuits provide. 
circuit that uses part of @ 741802 package In 
addition to one CTC channel. oo 


The trigger waveform should be positive-going - 
and should meet the CTC setup time for the - 
CLK/TRIG Input. Also, the trigger High [eval 
time should be less than the CTC delay time 
in order.to prevent the two 74LS02s from 
latching In the triggered state. An addl- 
tional gate can be added to Initlatltze the 
74LSO2 filp=flop to a defined state when the 
system Is reset or else the software can 
pulse the timer output to set the filp=-fiop, 
as Is done In this case. A third use of the : 


Timer mode Is to provide a bit rate clock for >. 


a serlal transceiver device, such as the Z80 
S10. The SIO can accept a ix, 16x, 32, or 
64x bif rate clock input from an external 
source, and with a I6x, 32, or 64x muitl- 
piter, the SIO can accept a pulse waveform — 
Input for the bit rate clocks, as long as the 
pulses meet the rise, fall, and hold time 
requirements of the S10. The CTC meets these 


requirements and can be connected directly to | 
the S10 to provide the necessary bit rate 


clocks. Figure 4 shows the code needed to © 
generate a bit rate clock for the S10. 


Figure 3 shows a -- 


Ya clock driver by Hybrid House, 1615 Remuda Lae, San Jose, CA 95112. 
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value should be set to half the baud rate | 
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grammed {nto the | 
Monostable Multivibrator Using the Z80 CTC 


Main Program 
Figure 2. 
Figure 3. 


INITIALIZE CPU - 
INITIALIZE CTC 
SETUP DISPLAY 


ENABLE INTERRUPTS 
a) 


SOFTWARE COUNT 


» @ SQuare-wave Input must be su 


This can be done by addin 


With a Ix bit rate clock pro 
TRIGGER 
INPUT 
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LOC OBy CODE M STMT 


MOOnNGuUS OMe 


C31800 


4000 
3DO0O 
3DO00 © 
3D00 


314020 

. EDSE 
JEOO 
ED47 
CDs700 
FB 


18FE 


BEAT 
D30C 
3E78 
D30C. | 
BELO - 
D30C 
AF 
324120 
3E78° 
324020 
co 
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TEST. CTCO 


SOURCE STATEMENT 


-CTC TEST PROGRAM. 


THIS PROGRAM USES THE CTC IN CONTINUOUS 
TIMER MODE. THE CTC COUNTS SYSTEM CLOCK 
PULSES AND INTERRUPTS EVERY 120 PULSES, 


THEN DECREMENTS A COUNT, 


THEN SWITCHES 


‘THE LED STATE. WHEN THE COUNT REACHES -ZERO. 


PROGRAM EQUATES -- > 


EQuU 12 

EQu CTCO+1 
EQU —«: CTCO+2 
EQU .CTCO+3 
EQU. OEOH 
EQU: 2000H 
EQU 1000H | 
EQU 120 


CTC EQUATES 


EQuU 1 
INTEN: EQU 
CTRMODE: 
P25é: 
RISEDG: 
PSTRT: 
TCLOAD: 
RESET: 


EQU 
EQU 
EGU 
EGU 
EGU 


“4ETC 3 
3 LIGHT 


:CTC O PORT 


PORT 
PORT 
PORT 
PORT 
+}RAM START ADDR 


+CTC 1 
iCcTc 2 


+COUNT VALUE 


«£01 


### MAIN PROGRAM ##% 


ORG - O° 

UP BEGIN 7 
ORG $. AND. OFFFOH. OR. 
DEFW _ 


DEFW 
DEFW 


ICTCcQ | 
IcTci 
IcTc2 
IcTc3 


SP, STAK 

2 

A, INTVEC/256 
l,A | 
INIT 


$ 


10H 


s INIT SP 
s+VECTOR INTERRUPT MODE 
iUPPER VECTOR BYTE 


INIT DEVICES 


HALLOW INTERRUPTS | 


7 LOOP FOREVER 


A, INTEN+P256+TCLOAND+RESET+CCW 


(CTCO),A 
A, TIME 
(CTCO),A 


iSET.CTG MODE 


;SET TIME CONSTANT 


A, INTVEC. AND. 11111000B 


(CTCO),A | 
A 

(DISP),A 
A, TIME 
(COUNT), A_ 


iSECT VECTOR VALUE 


sCLEAR DISPLAY BYTE |. 
ss INIT TIMER VALUE 


INTERRUPT SERVICE ROUTINE 





. TEST. CTCO 
OBJ CODE M STMT SOURCE STATEMENT 


IcTCc1: 
IcTce2: 
Ictcs3: 

; DUMMY ROUTINES 


1ES 
3° ZERO. ICTCO: 
, SAVE Mi ; SAVE REGISTERS 
A, (COUNT) } CHANGE TIMER COUNT 
A 
— (COUNT), A 
NZ ;EXIT IF NOT DONE 
A. TIME sELGE, RESET TIMER VALUE 
(COUNT), A 
A, (DISP) ; BLINK CITES 





“(DISP),A 
(LITE),A 
RET - 


SAVE REGISTER ROUTINE 


EX (SP), HL 
PUSH 
PUSH 
PUSH 
CALL 
POP 
PoP 
PoP 
POP 
EI 
RETI 





UP CHL) 


DATA AREA 


ORG , 
| DEFS STACK AREA 
STAK:  EQU 
COUNT: DEFS ; TIMER COUNT VALUE 
DIP:  DEFS . };LITE DISPLAY BYTE 





RUPT MODE — | : | 
BYTE - ‘ } END. 


UPTS : START 


STANT 
SLUE: 


f BYTE 
‘LUE 





a 
MAIN PROGRAM 


Figure 4 Software for CTC BIt Rate Generator 
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TEST. CTC2 ‘ 
Loc OBJ CODE M STMT SOURCE STATEMENT 
1 i CTC TEST PROGRAM 
2 
a i THIS PROGRAM USES THE CTC IN CONTINUGUS 
4 ; TIMER MODE. THE CTC SUPPLIES A BIT RATE 
S$ --3 CLOCK TO THE SIO FROM THE SYSTEM CLOCK. 
& THE SYSTEM CLOCK IS 3. 6864 MHZ, WHICH IS 
7 i DIVIDED BY 16 BY THE PRESCALER, AND DIVIDED 
8 i BY A TIME CONSTANT VALUE OF 3 TO 
F PROVIDE A 16X, 4800 BAUD CLOCK 
10 i TO THE SIO. OTHER BAUD RATES CAN BE OBTAINED 
11 i BY PROGRAMMING DIFFERENT TIME CONSTANT 
12 «j VALUES INTO THE. CTC. 
13 
14 ; PROGRAM EQUATES 
15 ; 
16 CTCO: EQuU 12 ; 3CTC O PORT - 
17 ~~ ~«CTC1: EQU CTCO+1 +CTCG 1 PORT 
18 cTca: EGU cTCO+2 sCTC & PORT 
19 CTC: EQU CTCO+3 }CTC 3 PORT 
z2O TIE: EQU 3 i} TIME CONSTANT VALUE 
2i 
22 
23 i CTC EQUATES 
: 24 
25 CCW: EQU 1 
26 INTEN: EQU 80H 
27, CTRMODE: - EQU 40H 
28 P256: EQu 20H 
29 RISEDG: EQU 10H 
30 PSTRT: EQU 8 
31 TCLOAD: EQU 4 
32 RESET: EQU 2 
33 #E 
34 
35 ii ### MAIN PROGRAM *«*# 
36 
0000 37 ORG Q 
38 BEGIN: 
0000 3E07 39 LD A, TCLOAD+RESET+CCW 
0002 D30QE 40 OUT (CTC2),4 _' SEF CTC MODE 
0004 3EO3 41 LD . A, TIME | 
00086 D30E 42 OUT (CTC2),A i SET TIME CONSTANT 
43 
44; MAIN PROGRAM GOES HERE 
45 +#€ 
0008 1SFE 47 JR $ . +}LOOP FOREVER 
48 
49 END 





COUNTER MODE 
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A typical computer system often uses a 
time-of-day clock. In the United States, the 
60 Hz power {Ine provides an accurate Time 
base for synchronous motor clocks. A computer 
system can-take advantage of the 60 Hz 
accuracy by Incorporating a circult that 
feeds 60 Hz square waves Into a CTC channel. 
With a time constant value of 60, the CTC 
generates an Interrupt once avery second, 
which can be used to update a time-of-day 
clock. The CTC Is set to Counter mode and 
with a time constant vaiue of 60, as shown In 
Figure 5. 


The Interrupt service routine does nothing 
more than. update the time-of-day clock. A 
more sophisticated operating system kernel 
would use the CTC to check the task queue 
status. {n synchronous data communications, 
It Is often necessary to ensure that a flag 
or sync character separates two adjacent. 
message packets. Since some serlalf controller 
devices have no way to determine the status 
of sync characters sent, the user must use 


606 





time delays to separate messages with the - 
appropriate number of syne characters, « 


Typicatty, software or timer delays are used 
to provide the time necessary to allow the 
characters to shift out of the serlal device, 


The disadvantage of using this method Is that . 
varlable baud rates. shift characters aft: 
varlable times so a worst-case time must be * 
allowed ff the baud rate Is not known. {f the: 
bit rate clock Is supplied by the modem, as’: 
Is normally the case, this problem becomes |, 


even more acute, 


A solution to thls problem Is to use a. 


counter to count the number of bits shlI fted 
out of the serlal device. With the CTC tic 
to the transmit clock line of the serlal 
device, the CTC can be programmed to delay a 
certain number of bits before the CPU sends 
another message. This solves all of the pro- 
blems mentioned and simplifies the message- 


hand{ (ng software. Figure 6 shows the program - 
needed to achleve the counting function. Note . 
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that the Interrupt service routine disables reached terminal count. 

the CTC, because the CTC [s used only once . ; : 

with each message, Otherwise, the CTC would Figure | shows the hardware Implementation of 
generate an Interrupt each time the counter the character delay counter using the CTC, 
























-a) Matn Program b>) Interrupt Service RouttIne 





Figure 5. Software for CTC Counter Mode 





| TEST. CTC1 
LOC OBJ CODE M STMT SOURCE STATEMENT 





' CTC TEST PROGRAM 













1 
| 2 , 
a. 4° THIS PROGRAM COUNTS EXTERNAL PULSES «ND 
4; | CHANGES THE LED STATE EVERY do COUNTS 
5 . _ 
& i PROGRAM EQUATES | 
7 | | 
8 CTCo: EQU 12 +CTC O PORT 
9 CTCi: EQU CTCO+1 sCTC 1 PORT 
10 CTC: EQU ‘CTCO+2 iCTC 2 PORT 
11 CTC3: © EU CTCO+3 ~ 4CTC 3 PORT 
12 LITE: EQU — OEOH i+LIGHT PORT 
13 RAM EQU 2000H +RAM START ADDR 
14 RAMBIZ EQU 1000H © _ 
15 COUNT EQU 50 +COUNTER TIME CONSTANT | 
14 , ' 
17 
is ; CTC EQUATES 
19 | 
20 CCW: EQ@U 1 
21 > INTEN: EQU 80H _ 
22 CTRMODE: EQU 40H 
23 P256: EQU 20H 
24 | RISEDG: EQU 10H 
‘ 25 ‘  PSTRT: EQU 8 | 
26 TCLOAD: EQU 4 2 4 ms | 
27 RESET: EaU 2 | 
75 I= 1809-0005 607 4/1/81 








Loc 


* 9000 
0000 » 


0010 


0010 
0012 


0014" 


Q016 


0018 
0018 
001D 
OO1F 
0021 
0024 


0025 


0027 
0029 


Q02B . 
02D - 
O02F 


0031 
0033 


. 0034 


0037 


0038 ~ 


0039 


003B 
OO3E 
0041 
0042 
0045 
0047 


0048 
0049 


0044 


0043 
004c 
OO4F 
0030 
0031 

0052 
0053 
0054 


0056 


C31800 - 


3800 
3BO00 
3800 
3800 


314020 


EDSE 
3EOO © 
ED47 
CD2700 


FB 


18FE 


3EC7 
DSOD | 


. SESC 


D30D — 
3E10 
D3OC 
AF 
324020 


C9 


FB 
ED4D 


CD4800 
- 3A4020. . 


ar 


324020 © 


DSEO 


C9 


w 
* 


ES 
DS 
cs 
FS 
CDS400 
Fi 
C1 
D1 
El 
FB 
ED4D, 


EY 


OBJ CODE M STMT SOURCE 





A, INTEN+CTRMODE+TCLOAD+RESET+CCW 


TEST. CTC1° 
STATEMENT 
+E 
a ###%# MAIN PROGRAM 24% 
ORG 8) aa 
UP BEGIN 
. ORG $. AND. OFFFOH. OR. 
INTVEC: Seg ee a 
DEFW ICTCO | cee 
DEFW ICTC1L _ 
DEFW Ictcea 
DEFW Ictc3 
BEGIN: | ge Bl HS 
LD SP,STAK . 
Im a 
LD Ar INTVEC 7256 
LD Ir;,A 0 
. CALL INIT 2: 
EI a 
JR % 
INIT: 
LD 
DUT (CTC1ILA 
LD As COUNT 
OUT — (CTCIILA 
LD Ar INTVEC,. AND, 1114110008 
OUT (CTCO)D,A 
XOR A 
LD (DISP),A 
RET 
+E 
i INTERRUPT SERVICE ROUTINE 
ICTCOQ; 
Ice: . 
ICTC3: 
ETI: 
RETI 
ICTC1: . 
CALL SAVE 
LD A, (DISP) 
CPL | 
LD (DISPI.LA 
OUT (LITE), A 
RET 
j SAVE REGISTER ROUTINE 
SAVE: : ; 
EX (SP 3, HL 
PUSH DE 
PUSH BC 
PUSH AF 
CALL 60 
POP AF 
POP BC 
POP DE 
POP HL 
EI 
RETI 
GO: ; 
. JP CHL? 
*E 


}INIT SP. 


© J INIT DEVICES 
SALLOW INTERRUPTS 


ESE 


we et pa 
RA tae AER Lae FEM, 


oes 


See jarani 
BRIO WS 


BRT NG” 
ho ge Fee ae 
bach 


Me, 


10H 












1VECTOR INTERRUPT MODE:: 
}UPPER VECTOR BYTE 


+LOOP FOREVER 


;SET CTC MODE 
;SET TIME CONSTANT 
;SET VECTOR VALUE 


+CLEAR DISPLAY BYTE 


; DUMMY ROUTINES 


\. 


iSAVE REGISTERS 
+BLINK LITES 
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s#LITE DISPLAY BYTE 


i STACK AREA 


SOFTWARE 
RESET CTC 


t 


SET FLAG BYTE 


Interrupt Service Routine 


_SAVE CPU STATUS 
RESTORE CPU STATUS 


b) 


DATA AREA 


TEST. CTC1 
ORG 
DEFS 
EQU 
DEFS 


OBY CODE M STMT SOURCE STATEMENT 


° 
° 
g 
é- 
p 
3 
© 
E 
3 


99 
100 
101 
102 
103 STA: 
DIG: 
Figure 6, 


104 
Main Program 


INITIALIZE CPU 
a} 


INITIALIZE CTC 
SETUP 
SOFTWARE FLAG 


ENABLE INTERRUPTS 
READ FLAG BYTE 
RESET BIT 0 
START CTC 


Loc 
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UPT MODE 





awl ‘. TEST. eTca 
Loc oy Cope M STMT SOURCE STATEMENT 


4. CTC TEST PROGRAM 


THIS PROGRAM INITIALIZES CTC INTERRUPT VECTOR, - 
_ THEN STARTS CTC 3, THEN WAITS FOR CTC 370 
_ TERMINATE. AFTER TERMINATING,. THE CTC INTERRUPT: 

‘THE CPU AND ENTERS A SERVICE ROUTINE THAT SETS 

A PROGRAM FLAG TO INDICATE ZERO COUNT, AND 
RESETS CTC 3.. | | me 


é 


VONGOURUN . 


EQUATES 


EQU 2000H - sRAM START ADDRESS) 
EQU  — 1000H “SRAM SIZE | 

EQU i2. | "4 €TC.0 PORT. 

EQU CTCO+1 ~  * s TC 1 PORT 

EQU. 'CTCO#2 +CTC 2 PORT 

EQU CTCO+R  30TC 3 PORT | 

EGU 20 ah sCOUNT 20 PULSES 


CTC PARAMETERS 


FQU i YS 45 CTRL BYTE 

INTEN:: EQU. | S INTERR. ENABLE 
CTRMODE: _ 40H COUNTER MODE - 
P256: | EQU . .. #PRESCALE BY 256 | | 
RISEDG: EQu° +START ON RISING EDGE 
PSTRT: EQU | «J PULSE STARTS TIMING | 
TCLOAD: Eau _ STINE CONST. FOLLOWS | 
RESET: EQU ~ SOFTWARE RESET 


BRO. 0. i | 
ca1goo uP BEOIN -° 1 GD - MAIN PROGRAM 


ORG , AND. OFFFOH. oR. 10H 


s ac F 
DEFW . ICTCO - 
DEFW ICTC1~ 
DEFW =. ICTC2 
DEFW  . ICTCS ~ 


MAIN PROGRAM 


318120 | LD SP, STAK . » INIT SPC 
.3EOO °°. v ~ LD. A, INTVEC/296 Ss INIT VECTOR REQ. 
. ED4?7 | LD. TFA. 
EDSE IM, 4 i bok we ) VECTORED INTERRUPT MG 
3E10 LD A: CTCVEC. AND. 112210008 | 
D30C . (CTCO),A., s}SETUP CTC VECTOR 
~ QJEOL a: — Atl <" 3  1IS8ET FLAG BYTE 
320020 : —-  (FLAGIAA oO. PP gk Sey 
FB ° if 


Soaecs : = ae . _ 


- 


2B. 3A00Zz0—t eee i AL (FLAG) - «PREAD FLAG BYTE - 
” CB47 _ ese! OA , ee ee 
“2BFO Ge as Z,LOOP - ‘ys BRANCH IF NOT SET 
'-Cpe7 i (“ke : OA tees os CLEAR FLAG BYTE 
320020 7 ; (FLAG), A> 
3EDS "A, INTEN+CTRMODE+RISED@+TCLOAD#1 
| D30F  CTC8) A: -;LOAD CTC 3 
| E14 A, COUNT © -s 
D30F , . (CTC) A 
18EA | ~~ LOOP 


INTERRUPT SERVICE ROUTINES FOR CTC 


75 I= 1809-0005 





‘TEST. CTC3 
ORY CODE M STMT SOURCE STATEMENT. 


73 «ICT: | oe | : : 
_—6hClUdS FB 74 EI | DUMMY INTERRUPT ROUTI 
UPT VECTOR, 4 a | ED4D 75 RET! 3 
TC 3 To 3 7 ; 76 
ae ce /_ | ie EX AF, AF’ - 
SETS ' , | | 
NT; 79 LD A,00000011B RESET CTC 3 


OUT = (CTC3),A , 

LD A, (FLAG) 4 SET PROGRAM FLAG. 
| SET 0A _ . : 
LD (FLAG), A 

EX AF, AF’ 

EY 

RETI 


DATA AREA 


ORG RAM 3 . 

DEFS 1 . sPROGRAM FLAG BYTE 

DEFS 128 

EQU s 
-E 
TER MODE, | oe a x END 
256 ee | 
NG EDGE ; ~ CONCLUSION The versatility of the Z80 CTC makes It use- interrupt capablilties of the Z80 CPU, the 
TIMING |. Es . ful In a myrfad of applications. System CTC can be used to supply counter/timer func= — | 
OL oe efficiency and throughput can be Improved tions to the CPU. This reduces software over-_ im 
T | through prudent use of the CTC with the Z80 head on the CPU and SIN uh icently ‘nereases . ; 

CPU. Coupled with the powerful, vectored ‘system EEL OOENT . 


1M 


751 1809-0005 | | | —— | AABN 





